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OPTIMIZATION STUDIES OF FAST REACTORS

A. M. Kuz'min, Yu. V. Silaev, UDC 621.039.526
V. V. Orlov, and V. V. Khromov

The selection of optimum characteristics of nuclear reactors requires involved considerations of
thermophysical, safety, hydraulic, and other questions and is a complex multiparameter problem. When
many parameters or equations are required for a fast reactor of the BN-350 type [11 a solution can be ob-
tained by using the optimization procedure for fast reactors given by Khromov et al. [2].

Description of the Algorithm of the Program. The optimization complex includes neutron physics,
safety, and thermotechnical reactor calculations and solves the following problem. Find the value of the
control vector u{ui; Ugs v - Ugs s s s uk}, satisfying the relation

Uin< 0 Umay (D '

for which some reactor characteristic Fy(¢®, u) has its optimum value (henceforth we will consider the
minimum of Fy) and constraints on other quantities Fy (¢, u) of the form

Fyg, )4, (v=1,2,...,p) (2)

are satisfied under the condition that the reactor state variables @(r){o®); o®; . .. @@}®) such as neu-
tron flux, temperature distribution, etc., satisfy known equations, and the quantities Up,in, Wmaxs and A,
are assumed known.

The constant thermal power of the reactor W, the form and properties of the nuclear fuel, coolant,
and other reactor materials, the coolant temperature at the reactor outlet Ty, the fuel cycle parameters,
the operating characteristics of the reactor including the time of fuel reprocessing, the load factor of the
reactor, etc., are also assumed given. '

The following parameters can be taken as components ugy of the control vector u, where the subscript
i distinguishes those parameters which can vary from one reactor region to another: the core height H,
the height of the fuel element void for the collection of gaseous fission products Hg. .» the thickness of in-
dividual reactor zones AR;, the outside diameter of an unclad fuel rod d%T), the fuel element cladding thick-
ness Afl, the relative pitch of the triangular fuel element lattice h;, the coolant velocity in a channel of the
i-th zone for maximum heat release rate v‘i’, the fuel enrichment x;, the relative fraction of absorbers for
compensating reactivity s?, and the volume fraction of the fuel assembly wall in the reactor e, .

The neutron physics calculations are performed in the two-group diffusion approximation for a one-
dimensional cylindrical reactor with cross sections averaged over an 18-group neutron spectrum in each
reactor zone, and the axial neutron leakage is taken into account by the parameter v = 72/(H + 2(5eff)2.
The averaged microscopic cross sections and the effective and reflector savings §eff are calculated with
the 18-4RZ-15 two-dimensional program.[3].

The heat engineering calculation is restricted to an estimate of the maximum fuel element cladding
temperatures, taking account of hot spots, and to a determination of the average temperature rise of the
coolant in the reactor Hcool' The calculation is performed under the assumption that there is no axial
heat flow in the fuel elements. The calculation of the reliability of the fuel element cladding is carried out
under the assumption that the fuel does not exert pressure on the cladding in the swelling process [4]. The
maximum stress ¢, in a fuel assembly wall for a pressure drop Ap of the coolant over the height of the
reactor is determined under the assumption that the thickness of an assembly is very much less than its
dimension under the key.

Translated from‘Atomnaya Energiya, Vol. 31, No. 2, pp. 83-88, August, 1971, Original article sub-
mitted July 22, 1970.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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the coefficient of nonuniformity of heat release. a-b is the projection
of the crest of the surface K,.(u;, u,) on the u; —u, plane.

The program includes algorithms for thermophysical and safety calculations which permit the solu-
tion of optimization problems taking account of the constraints: . :
TEUSTE B ®
_ mper
PRSI ool |

where Tger’ Tgfr, ngzr, and: ager are respectively the values of the maximum permissible temperatures,
at the center and in the cladding of a fuel element, the strain in the cladding, and the stress in an assembly.
The program uses an iteration method based on perturbation theory and linear programming to search for
the optimum variant automatically. The algorithm of the method is described in [5]. The problem admits
a solution when the number of constraints of type (2) does not exceed 36 and the number of control param-
eters is not more than 34. This permits a search for optimum compositions of four radial zones of a fast

reactor, taking account of their thermal, safety, and physical characteristics.

The program can calculate the breeding ratio in U8—U5% and U3—Pu? fuel cycles, taking account of
higher isotopes corresponding to the so-called average isotopic composition with the densities < p3>i of
fissionable elements defined by the relation

T,
a;

=7 | si(na, 4

Cll 0

where Tg; is the operating period of the i-th reactor zone. In this case the densities pg(t) are found from

the solution of the burnup equation under the assumption that the one-group microscopic capture and fission
cross sections do not change during reactor operation. The change in the heat release distribution with .
reactor operating time between refuelings is estimated from the envelope of the heat release distributions
calculated before refueling, after refueling, and in the middle of the interval between refuelings. These
calculations give the factor kg by which the coolant flow rate through the reactor must be increased. This
factor is assumed constant during the several steps in the search for the optimum.
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TABLE 1. Results of Solving the Problem Problems of the Best Flattening of the Heat Release
of Maximum Reactor Power Distribution. The ROKBAR iteration algorithm for seek-
) Composition ing the optimum variant is very similar to the method of
Param. | == 5. | Results steepest descent [6]. Just as in the method of steepest
WIS | sone | zone| 4T | ope | frOmIE] descent the optimum is sought along the gradient of the
function. This is illustrated in Fig. 1 which shows the
Fy  |0,6711/0,6653 0,6652 0,6653 — :

solution of the problem of finding the minimum of the co-
1 efficient of nonuniformity of heat release K, in a one-
271 6:%?3 6133 dimensional cylindrical reactor with two core zones sur-

ARy 1,297 11,274 0,733}1 9
AR, 1,108 {0,793 | 0,538

223 — [0.,338 .8’;23 - 10,3571 0,365 rounded by a reflector. The control parameters are u
! ' = Ry/Ry, Uy = pJ/p}, and it is required that
dy 1,418 |1,118] 1,118 1,118 1,118 : 0.5Lu<0.9; 1.0Lus < o0, (5)
dy 0,776 {0,776 1,118 0,776| 0,776 ‘ : »
Zi il it IR 1,118} 1,118 where R; is the radius of the i-th zone and p? is the den-
' sity of fissionable material in the i-th zone (i =1, 2). The
N 1o 65 _ solid -curves of Fig. 1 are obtained from the condition Ky

= const, and the dashed lines correspond to the ROKBAR
program gradient descent from two different points: 1)y,
=0.5, u, =1.0; 2) y =0.8, uy =2.4. In both cases the program at each iteration was chosen so as to
reach the crest a-b most rapidly and then to descend along the crest to the point u; = 0.75, u, = 1.47 cor-
responding to the smallest value of K,..

It is interesting that in this problem the minimum K. is reached at the point where the first deriva~
tives of K. with respect to each of the controls are discontinuous. Classical methods of the calculus of

variations cannot be used in this ‘case although the optimum lies within the considered range of values of
the controls (5).

It is instructive to compare the results of the ROKBAR iteration solution of a problem with the ana-
lytic solution obtained by using the Pontryagin maximum principle [7]. Such a comparison has been made
for the problem of maximum power of a gas-cooled cylindrical reactor in which the diameter d(r) of a fuel
channel can vary. This problem was solved in (8] by the Pontryagin maximum principle for a positive
material buckling of the fuel element lattice. It is easy to see that the statement of the problem given in
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TABLE 2. Basic Parameters of Reactors this paper is equivalent to the following. Find, in rela-
Optimized with Respect to the Consumption tive units, the zone thicknesses AR; and the fuel element
of Plutonium G and the Noubling Time T, diameters d; which minimize the functional

' o Minimum Writlil;respéct to Mjhﬁnum :

. consumption of plutonium {With re« Fo= Do

Tyt ispect to 0 2.405

0 2,% 6,0 oublin ¥ ;
- o o0 fitme | ® v ’ : é d(r)®(r)dr

G, kg/MW 1,83 | 1,49 0,92 —
Toyr 13,8 | 12,5 1,4 | 10,2 and satisfy the conditions
Q, kw/liter 930 880 800 550 _
Prkg g 1065 | 1150 | 1200 | 1820 0<AR;<2.405; 0.776 < d:<1.118, (6)
Py 1"‘7‘) 1830 | 1860 | 1830 | 2390
kK, =~ 2 1,29 | 1,27 1,28 1,25 where &(r) is the one-group neutron flux at point r in the
BRC 0,518 | 0,564 | 0,625 | 0,802 reactor,. ‘
BR 1,23 | 1.25 | 1,27 1,32
B m 0120 | .28 | 0300 | 0'4%1 The problem was solved with the ROKBAR program
n8h 0,798 | 0,787 | 0,764 | 0,950 for two-, three-, and four-zone reactors and for various
AR;, m 0,548 | 0,594 | 0,621 | 0,731 A e =
AR,, m 0,435 | 0,422 0,461 0,442 numbers of nodes N of the finite~difference mesh used in
gT,mm ?,36 ?g% %Zg ?%g determining the neutron fluxes and importances. Table
X1 0'183 8:158 0111;7 0121 - 1 gives the results of the comparison and Fig. 2 shows
X 0,2 94 | 0,176 | 0,146 . . A , .
vzﬁ;z,» m/sec 100|100 10.0 8'77 the convergence of the iteration search for the optimum

in a three-zone reactor.
From an analysis of the results shown in Table 1 the following conclusions can be drawn:

1) as in [8] the three=~zone reactor turns out to be optimum; the four-zone arrangement chosen ini-
tially goes over into a three-zone reactor in the iteration process;

2) as the number of nodes N of the finite-difference mesh is increased, the numerical solution be-

comes more accurate and approaches the analytic solution obtained by using the Pontryagin maximum
principle.

Problems in the Minimum Consumption of Plutonium to Ensure a Given Rate of Development of
Nuclear Power. As a more complicated example let us consider the problem of the minimum consumption
of plutonium under constraints (3). The calculation of G, the consumption of plutonium per MW (e), for a '
given rate of growth of nuclear power T, leads to the expression

6= (145) (1-32), 7

where Py is the critical mass of the reactor, Wy is its electric power, T, is the operating time of the fuel
elements, Ty is the time of chemical reprocessing of the core fuel elements, and T, is the doubling time
for a system of breeders operating simultaneously. The doubling time is calculated by the formula ob-
tained from the general expression proposed by Usachev [9]. The problem is solved for a cylindrical »
sodium-cooled reactor with two core zones surrounded by blankets. The fuel is a mixture of UO, and PuQ,
with 15% porosity, and the maximum burnup is 100 kg of fission products per metric ton of fuel. Stainless
steel is used as structural material and for fuel element cladding. The time of chemical reprocessing of "
blanket fuel elements Ty, is taken as one year, and that for the core fuel elements T e as half a year with:
a 2% loss of fuel. The thermal conductivity of the fuel is taken as 1.8 kcal/m -h-°C. The strength and
thermophysical properties of steel, sodium, and fuel are basically the same as those for the BN-350 re-
actor [1]. The ranges of variation of the control parameters were chosen as follows: '

0.01 m<Hg.p.<2'0 m;
02mCHLC20 m; 0.0°1Cey 0.2
01 m<AR; << oe; 0.023 md] << 00}

0.Lv; <10 mfsec; 0.0%1 L x; 1.0
(i=1, 2).

(8

For technical reasons the dimensions of the fuel elements and the relative lattice spacing were taken the

same for both core regions with A?l = 0.4 mm. The void for the collection of gaseous fission products was
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at the lower axial blanket where the coolant temperature is minimum. The limiting temperature at the
center T, and in the cladding To] of a fuel element, the limiting stress in the assembly wall o,, and the
maximum permissible strain in the fuel element cladding £ 5| were taken as -

ICPe’=2450°C; 0' Per _48 kg/mm?;
T '=725°C; gl'=0.2%.
The problem was solved for a reactor with a core power W = 2250 MW (t) (1000 MW {(e)) and a coolant out-

let temperature Tyt = 560°C for various rates of development of nuclear power. The problem of the
minimum doubling time of the same reactor was solved simultaneously. .

In minimizing G and T, the coefficient kT, which characterizes t}_ie variation in the heat release dis-
tribution, was taken as 1.15, and the breeding ratio of the core BRC and of the reactor BR were calculated
without taking account of higher isotopes. The calculated results are given in Table 2.

It is clear from Eq. (7) that for a doubling time T, which is large in comparison with T the optimum
with respect to the consumption of plutonium G is determined by the optimum of the product P¢(1 + Tyc/T3)
which characterizes the amount of fuel in a fuel cycle (reactor and fuel reprocessing apparatus). For
rates of development comparable in magnitude with the doubling time the optimum with respect to G is
given by.1-T/T, and the parameters of such reactors should not be greatly different from the parameters
obtained in optimizing with respect to T,.

The following conclusions can be drawn from the results of the calculations.

1. The requirement of minimum consumption of plutonium leads to the development of reactors with
large thermal stresses. .In this case the maximum temperatures at the center and in the cladding of a fuel
element, and the maximum stress in an assembly wall reach their limiting values, and the permissible
strain in the fuel element cladding is close to the limit. The average rise in coolant temperature ig AT ;4] -
=185-190°C.

2. With increasing T, the characteristics of an optimum reactor approach the characteristics of a
reactor optlmlzed with respect to doubling timeé, as one should 1 expect. In this case the average power
density Q decreases, the breeding ratio and the critical mass Pf increase, and the diameter of the fuel
elements increases with a decrease in enrichment and the volume fraction of the coolant.

It is interesting to note that in the present problem the consumption of plutonium G as a function of
the controls has a very flat optimum, This is confirmed by recalculating G for another fixed rate of de-
velopment Ty. :

The solutions of our problems and those published in [10] have shown that the ROKBAR program is
a reliable and effective instrument for seeking optimum compositions of fast reactors.

In conclusion the authors thank A. P. Rudik for helpful advice and comments which were taken into
consideration in performing the work.
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SOME CHARACTERISTICS OF SELF-OSCILLATORY
REGIMES OF A BOILING WATER REACTOR

"B. V. Kebadze and V. I. Plyutinskii ' UDC 621.039.514:621.039.524.44

By now many articles have been published on the determination of the limits of stability of a boiling
water reactor in the linear approximation. At the same time for a reactor that is susceptible to resonance
instability the processes occurring near the limit of stability are of considerable interest [1, 2]. The ob-
ject of the present study is to elucidate the characteristics of a boiling water reactor with its own circulat-
ing heat-transfer agent in the self-oscillatory regime by experiments and computations.

One of the objectives in the experiments carried out on the reactor VK-50 [3] was to study the nature
of the appearance and development of self-oscillations and also the dependence of their amplitude and fre-
quency on the basic parameters of the reactor (power, pressure of the heat-transfer agent, etc.).

For recording the oscillations of the neutron flux fast-response automatic recorders (EPP-09M with
scale coverage in 1 sec, "Rapidgraph" galvanometer with 0-15 Hz frequency band) with additional ionization
chambers were used over and above the regular automatic power recorder. For regulating the average
power a signal proportional to the current of the ionization chamber was fed to a filter with a time constant
of 10 sec and then to one of the tracks of the automatic recorder. The changes in the pressure of the heat-
trangfer agent in the reactor were also recorded simultaneously. The observations of the temperature of
the heat-transfer agent in the descending part were obtained from the readings of a multipoint automatic
recorder. In the experiments, as also in operating conditions, the power regulator was not used. The pres-
sure regulator before the turbine was also not connected.

In the investigated regimes it was not possible to obtain a stationary regime with appreciable ampli~
tude of the oscillations. The nature of the self-oscillatory regime is shown in Fig. 1. The upper and the
lower envelopes of the oscillations of the neutron flux are shown in the upper part of the figure. The initial
state of the reactor corresponds to a thermal power Ny ~ 103 MW and a pressure of the heat-transfer
agent p ~ 39 abs. atm, The positive reactivity is introduced at t = 1.5 min; the vapor valve at the exit from
the reactor is opened simultaneously. After some time, during which the pressure drops, the amplitude of
the oscillations of the neutron flux begins to increase. After attaining a maximum the oscillations get

~ damped and thereafter maintain a cyclic behavior with a period of about 7 min. The envelopes of the self-

oscillations were obtained by averaging the maximum and the minimum readings of the recorder over 10
periods of "fast" oscillations. The frequency of the fast

A, arb. oscillations, which is determined by averaging over 20
Unitsz N N A periods, has a small range of variation, 0.67-0.70 Hz. The
-/ / \_\ y cyclic variations of the amplitude of the oscillations are
\/ — \ \ accompanied by oscillations in the pressure of the heat-
! PN S transfer agent with the same period but a certain phase
—\/ N )
lag, and also by variations of the average power of the re-
p. abs. tor and the temperature of the heat-transfer agent in
atm ac ]
3851 /P \\_ '/" S _// \\_(/\ the descending part.
38 . . - s -
7 m 3 7 6 2 24t mn . In leading the reactor 1r?tf> th? S.elf oscillatory re
gime and the attempts to stabilize it, it was found that an
Fig. 1. Cyclic nature of the self-oscillatory increase of the average power of the reactor by 3-4 MW

regime. by rapid displacements of the compensators does not by

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 89-92, August, 1971. Original article sub-
mitted July 10, 1970; revision submitted December 30, 1970.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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A, arb. itself lead to any noticeable increase in the amplitude of the
units //\\ oscillations; in some regimes the amplitude even decreases.
2/ AN Only with a subsequent change in the pressure of the heat-

; : \ transfer agent or an increase of the flow rate of the water
e supply for maintaining the water level in the reactor does the
. _ amplitude increasenoticeably. Thebehavior of the envelopes
Nav, 07‘;_ ' of the oscillations of the neutron flux A and the average power
; / T ~— N,y in the transition regime, caused by the pressure increase
/-/_'J due to closing the vapor valve at the exit from the reactor, is
-5 shown in Fig, 2. The amplitude of the oscillations of the
p, abs. ] neutron flux-at first increases with the pressure and the aver-
atm L~ . age reactor power; then it drops to a value somewhat lower
3 /’ _ than the initial.
355 ps These experiments demonstrate the complex dynamic
’ /\/ interaction of the reactor parameters (average power, pres-
35 7 7 sure of the heat-transfer agent, its enthalpy at the entrance
( 2 3 t,min to the active zone) and the fast oscillations; in particular,

slow oscillations of the parameters appear simultaneously
with the fast oscillations. In order to explain the observed
phenomena, first the amplitude of the fast oscillations was
computed as a function of these parameters and then the sta-
bility of the parameters in the low-frequency range was
investigated taking into consideration the change in the amplitude of the fast oscillations and the corre-
sponding variations of the constant component of the reactivity, which lead to a shift of the average power.

Fig. 2. Variation of the amplitude of
oscillations of some parameters in the
presence of perturbation in pressure.

The amplitudes of the oscillations were computed by the method of harmonic balance. The feedback
equations were assumed to be linear in the water-vapor content and the fuel temperature. A transfer func-
tion of the feedback, obtained from the computation of the dynamic power reactivity coefficient from the
theory of perturbations taking account of the spatial (height) distribution of the parameters, was used for
determining the amplitude of the oscillations. A single-group modified equation, defining the distribution
of the neutron flux, was considered for obtaining the increment of the reactivity.  Applying the theory of
perturbations to this equation a frequency-dependent expression for the reactivity was obtained in terms of
the increments of the thermophysical parameters of the active zone:

H pis .
8065) = | %(2) 04 (2)80b1 (s, 2) dz+- | L (2) D2(2) Ovmix(s, 2, (1)
[} 0

where & is the flux of thermal neutrons, z is the spatial coordinate, s is the parameter in Laplace trans-
form, 0Ymix(8, 2z) is the increment of the density of the vapor —water mixture, 68y1(s, 2) is the increment
of the temperature of the fuel block, and w(z), L(z) are certain nuclear-physical parameters of the active
zone obtained from averaged space-power variable two-group constants. For determining 6Ymix (s, z) and
80p1(s, z) the basic equations are the equations of heat conductivity for a three-layer cylindrical fuel ele-
ment and the equations of conservation of mass and energy for the heated channel with appropriate initial
and boundary conditions. In the nonstationary equation for the heat-transfer agent the interphase slippage
of the water vapor is disregarded. Changing over to the equations for the increments and carrying out
linearization and Laplace transformation with the initial and the boundary conditions we obtain the transfer
function from the reactor power to the parameters 0¥Ymix»> 69p1- With the use of Eq. (1) we obtain the feed-
back transfer function; for subsequent computations the imaginary and the real parts of this function are
approximated by second degree polynomials.

The periodic solutions of the equations of motions were obtained by the method of successive approxi-
mations [1]. The relation between the amplitudes of the harmonics of the reactivity a and power Ay is
given by

Wnt= o+ Woni—t, (2

l

where p, n® are vectors composed of the coefficients a and Ag; Wy is a matrix with elements Wij = @j-i;

W is a diagonal matrix with elements w(kiw) corresponding to the inverse of the amplitude-phase charac-
teristic (APC) of a zero power reactor; [is the number of the approximation. The amplitude of the
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Fig. 3. Dependence of the amplitude of the first harmonic of the reactivity a on
the pressure of the heat-transfer agent (1) and its underheating at the entrance
to the reactor (2).

Fig. 4. Amplitude-phase characteristic of an open system with slowly varying
parameters without (1) and with (2) self-oscillations taken into consideration.

oscillations and the constant component of the reactivity a, were computed on a computer. In view of the
intense damping of the higher harmonics in the feedback circuit a filter hypothesis was used. This pro-
cedure yields a good convergence for the values of the amplitude of the first harmonic of the reactivity
smaller than 0.78, which corresponds to the amplitude of the oscillations of the first harmonic of power
equal to ~609% of the average power level. Figure 3 presents some results of the computations of the os-
cillations amplitude for the variation of the individual parameters in the neighborhood of the regime with
N =100 MW, p = 35 abs. atm and for underheating of the heat-transfer agent at the entrance to the active
zone Aif = 7.8 kcal/kg. .The wide range of variation of the amplitude for inappreciable variations of the
pressure and underheating of the heat-transfer agent to enthalpy saturation at the entrance to the active
zone is in agreement with the experiment. The increase in the amplitude of the oscillations with the in-
crease in underheating is in good agreement with the deterioration of the reactor stability observed in the
experiment on increasing underheating. The computations also confirm the weak dependence of the ampli-
tude of the oscillations on the average power at constant pressure and underheating of the heat-transfer
agent (+7~8% for a variation of power by +5%). In practice, during the experiments it is not possible to
vary only one of the reactor parameters for a long time. Thus, in the steady-state regime due to the weak
dependence of the flow rate of the heat-transfer agent on the power, an increase in the reactor power is
accompanied by an increase in underheating; this leads to a deterioration of the stability and an increase
in the amplitude of the oscillations, noticed in the experiments as well as in the computations [3]. Similarly
an increase in the pressure of the heat-transfer agent with constant enthalpy at the entrance to the active
zone is accompanied by an increase in underheating, which destabilizes the reactor and increases the am-
plitude of the oscillations. However, as the thermal wave propagates along the descending part and the
volume under the reactor; the underheating returns practically to its previous value and the amplitude of
the oscillations decreases (Fig. 2). Since the steady-state regimes with different pressures differ little
in underheating, the end result of an increase in the pressure is to stabilize the reactor [3].

The variation of the amplitude of the fast oscillations with the variation of the reactor parameters
affects the low-frequency processes as a result of the shift of the average power and the subsequent change
in the thermal parameters. With a view to improving the temporal (frequency) interrelations of the param-
eters and to explain, in particular, the slow cyclic variations of the amplitude of the oscillations, we investi-
gated the low~frequency dynamics of the reactor. In the framework of a simplified model we investigated
the processes of generation of water vapor in the rising part and condensation in the descending part, the
dynamics of the pressure in the reactor and in front of the turbine, and' the propagation of the thermal per-
turbation in the descending part and in the volume under the reactor for constant rate of circulation [4].
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The active zone of the reactor was taken as an inertialess unit, since here the time constants of the pro-
cesses are much smaller than the time scales of the changes in the pressure and enthalpy of the heat~
transfer agent in the region under the reactor. The active zone is characterized by the reactivity coeffi-
cients with respect to power, the enthalpy of the heat-transfer agent at the entrance, and pressure, ob-
tained from static computations of the reactor based on the theory of perturbations. The role of the self-
oscillations is taken into consideration through the change in the constant component of the reactivity cor-
responding to the change in the amplitude of the oscillations on varying the reactor parameters. The change
in the constant component of the reactivity due to the nonlinear static dependence of the reactivity on power
is also taken into consideration. The effect of the self-oscillations may be estimated by comparing the
reactivity coefficients with respect to pressure Kp and underheating of the heat-transfer agent KAig dis-
regarding the self-oscillations

Kasy= —0.007 (kcal/kg)~; K, =0.016 abs. atm™},
and with the self-oscillations taken into consideration
Kii, = —0.008 (kcal/kg)"l; '~ K2 =0.017 abs, atm=%,

The system of equations for the increment of the parameters, obtained after linearization and Laplace
transformation, was put in the form of a directional graph [5]. The APC obtained from the graph of an open
system was computed on a computer. The APC of an open system without and with the self-oscillations
taken into consideration are presented in Fig. 4, In spite of the fact that the sum effect of the variation of
pressure and enthalpy of the heat-transfer agent at the entrance to the active zone is positive, the reactor
is statically stable in the linear approximation, since the amplification factor of an open system at zero
frequency is less than unity. The system has a resonance at w = 276 rad/sec, which is determined by the
dynamic interaction of pressure within the reactor and the enthalpy at the entrance to the active zone; the
change of the enthalpy, caused mainly by the quantity 8i'/8p, is characterized by a lag in reference to the
pressure change.

Curve 2 in Fig. 4 represents the destabilizing effect of the self-oscillations on the behavior of the
slowly varying parameters of the system: the APC intersects the real axis beyond the point (1; 0), which
indicates the instability of the system in the linear approximation taking the fast oscillations into considera-
tion. The period corresponding to the resonance frequency (T = 6.8 min) is close to the period of the varia-
tion in the amplitude of the oscillations (T = 7 min). As seen from Fig. 4, the effect of the self-oscillations
on the characteristic of an open system is weak; however, the fact that the slow oscillations in the experi-
ment are always accompanied by fast oscillations confirms their destabilizing effect on a system with slowly '
varying parameters. '

The following conclusions can be drawn on the basis of the discussion presented above. -

1. The inference regarding probable change in the amplitude of oscillations on changing the reactor
power and the pressure of the heat-transfer agent, made on the basis of the investigations of stationary
regimes, cannot be extended to transition regimes, where the effect may be opposite.

2. The computations of the amplitudes of oscillations and the experiments indicate a "soft" regime
of ‘excitation of oscillations. The change in the amplitude of the oscillations from the noise level to a value
hindering the normal operation of the reactor corresponds to a small variation of the thermophysical param-
eters.

‘ 3. The self-oscillations have a destabilizing effect on the low-frequency characteristic of the reactor;
in some cases this leads to slow cyclic variations of the amplitude of oscillations and of the thermophysical
parameters of the reactor.

The authors are grateful to V. A. Afanas'evforassistance in organizing and conducting the experi-
ments, and also to L. A. Adamovskii and V. A. Zhukova for helping in computations.
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DISSOCIATION OF URANIUM OXIDES

I. S. Kulikov UDC 541.451:541.123
: i

Oxides areknown in the uranium —oxygen system in the condensed (UO, U,03, UO,, U 04, U,0;, U304, and{ «
U0;) and gaseous (UO, UO,, and UO,) states. However, the oxides UO and U,0; are not cited on the phase

diagram of {1]. Thermodynamic data on oxides of uranium, contained in the handbooks [2-7], differ sub-
stantially.

In the analysis cited below, data on U, UO,, UOg, and Uoz,'g [6], UO:,’g [7], UO [2], U304 and UQCy [2, 3]
and U0y [5] were taken as the basis. The oxides U3O; and U,Oj fall at the boundaries of the region of
homogeneity of the compounds U,04 and U;0;4. ‘

Let us consider the dissociation of uranium dioxide as the most studied stable oxide in the indicated
system. In the gas phase we should consider the probability of the presence of the following components:
U, U0, UO,, UQ3, O, and 0,. For the.summary pressure above uranium oxides, let us write:

2Pys0,= Py -+ Puo+ Puo,+ Puo;+ Po+ Po,. (1)

Moreover, for uranium dioxide we can write the following equations:

Py KyoPo
o K 0,P? 1
Pyo;= —%ﬂ Po; and Po,= K*O;P%)-

Substituting them into Eq. (1), we obtain:

K., P2 K
ZPU02= UC;)z20U02+ II{JI(;ZPI;T)W \ P° 2+ UOz UOzP —{—Po—’- —-P (2) ‘

To calculate the minimum of the total pressure, let us take the first derivative of EPUOZ with respect to
Po: ’

8 : 2Ky0,P%0,  KyosFbo: , KuoPlos 2
b (2Puoy)= — ; + +1+ %= Po 3
aPo 2) Py KyoPh Kyo, Ko,

and, setting it equal to zero, we obtain

DY K.
2K y0,Ploy + -—U(’; 1% po— Py (“‘;f; bor 1) + 7 P, ()

The fact that this is a minimum can be ascertained by calculating the second derivative of the total pres-
sure.

Equation (4) can also be obtained from the equation of the balance in the presence of congruent disso= \
ciation of uranium dioxide:

2Py+ Pyo = Pyo; + Po- 2Po,. (5)

Replacing Py, Pyg, PUO3’ and PO2 in terms of the dissociation constants and substituting them into Eq. (5)g A

we obtain Eq. (4). From this it follows that in the dissociation of congruent chemical compounds, the total
pressure is a minimum. :

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 93 98, August, 1971. Original article sub-
mitted April 20, 1970; revision submitted December 15, 1970
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TABLE 1. Thermodynamic Constants, Partial Pressures, and Composition of the Vapor
Phase above Uranium Dioxide :

Temperature, ° K
Parameters ) -
1000 1406 1873 2000 2500 2750 3000 4000 4124
—lg PY 18,002 10,892 6,757 5,970 3,654 | 2,812 2,111 0,175 0,000
—lg Pé 33,650 21,755 14,237 12,820 8,649 7,153 5,883 — —
—ngo2 19,612 12,142 7,258 6,356 3,684 | 2,710 1,898 0,340 0,543
—Ig Ky 34,629 22,689 15,171 13,741 9,495 7,851 6,626 2,965 2,618
—lg KUOz 64,380 42,084 28,086 - 25,411 17,545 | 14,667 | 12,263 5,583 4,975
—1gKyo, | (87,239) | (55,589) | (36,588) | (32,004) | 22,037 | 18,085 |(14,792) | (5,737) | (4,920)
—lg P, 20,921 12,318 7,165 6,199 3,407 2,420 1,614 — -
—lg P, 26,308 16,593 10,718 9,593 6,288 5,138 4,092 — —
—lg PO2 33,033 21,043 14,178 12,830 8,892 5,566 | 6,286 - L
—lg Py 32,686 21,217 13,795 12,424 8,376 6,811 5,693 — —
—lg Pyo 24,365 15,121 9,342 8,276 5,169 4,098 3,159 — —
—lg Pyo, 24,370 15,136 9,361 8,299 5,203 4,140 |° 3,177 — —
—lg Zyo, 20,921 12,316 7,158 6,182 3,392 2,402 1,585 — —
Composition,
vol. % :

U0, 99,4 99,69 98,70 98,36 96,66 95,96 94,44 — —

uo 0,03 0,16 0,65 0,82 1,67 2,02 2,67 — -

U0g 0,03 0,15 0,62 0,78 1,54 1,84 2,57 — —
—lgay 14,684 10,325 7,038 6,454 4,722 3,999 3,582 — —

TABLE 2. Partial . Pressures and Composition of the Gas Phase above the System U—-UO,

Temperature, ° K
Parameters

. 1000 . 1408 1873 2000 2500 2750 3000

—lg PY; 18,002 10,892 6,757 5,970 3,654 2,812 2,111
—lg PYy,, 1 20,921 12,318 7,165 6,199 3,407 2,420 1,614 -
—I18P5, vo, 47,687 31,368 21,216 19,284 13,614 11,565 9,868
—lg Pg 33,650 21,755 114,237 12,820 8,649 7,153 5,883
—lg Pyo 17,023 9,958 5,823 5,049 2,808 2,114 1,368
—lg Py, 31,713 20,298 12,880 11,526 7,564 6,186 4,968
—1g2Py_yo, | 16,980 9,910 5,758 4,973 2,663 1,884 1,126
Composition, voL %

i 9,48 10,4 10,0 10,0 10,2 11,8 10,33

U0, 0,01 0,4 3,9 5,9 18,1 29,1 32,46

uo 90,51 89,2 86,1 84,1 71,7 59,1 57,20

The dissociation constants Kyo: KUOZ’ and KO2 under saturated vapor pressure P%]O2 were calculated

according to the data of [6]. For the dissociation constant of gaseous uranium trioxide, let us use the ap-
proximate equation derived earlier [8]:

RlnK,=—24T0 . 761 45.10.D,. . (6)

According to the data of [9], for the reaction:
2UO,,g=U0Og+UO;s,g;  AHY,, = 28 keal.

Considering the data of [6], for DO,UO and DO, U0, we obtain DO,UO3 = 489.9 kcal/mole. Substituting
DO,UO3 into Eq. (6), we obtain: '

108 670

Ig Kyo, = — —5—+ 21.431. (7)
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From Table 1 it is evident that the transition of uranium dioxide into the gaseous state occurs chiefly
by sublimation and partly by disproportionation according to the reaction

200,=U0 +UO;,4-

The activities of uranium are considerably less than one. This is evidence of gaseous dissociation
of uranium dioxide. We obtain the summary pressure of the gaseous components above uranium d1ox1de
in the form of the following equations:

g SPyo, atme — 22 830

+8.909.(1000 — 1406°K); ®

lg 2 Pyoyatm= — 23 396

-+ 7.879 (1406 — 3000° K). (©

The boiling point of uranium diexide, according to Eq. (9), is equal-to 3604°K. However, considering
that Eq. (9) was derived for solid uranium dioxide, this value of the boiling point must be somewhat low.

In the calculation of the composition of the vapor phase above the uranium —uranium dioxide system
(Table 2), we used the same thermodynamic constants,

From Table 2 it follows that the basic reaction between uranium and uranium d10x1de is the forma-
tion of gaseous uranium monoxide, i.e., U + U0, = 2UQg.

For the summary pressure of the vapor phase above the uranium —~uranium d1ox1de system, we ob-
tain the following equations:

504 (1000 — 1406°K); (10)

8
lg 2Py yo,= — 24; i

1gZPy_yo, = — 222 1 6.622 (4406 — 3000°K). (1)

‘We obtain a pressure of 1 atm above the uranium —uranium dioxide system at 3510°K according to Eq. {(11).

‘Using the data of [2] to determine the value of AGT of the formation of UO,, let us attempt to solve
the problem of the thermal stability of uranium monoxide in the condensed state.

Table 3 presents the results of calculations of the equilibrium pressures of molecular and atomic
oxygen and the saturated vapor pressure of uranium monoxide above the system U—UQ. The pressures of
uranium monoxide above the uranium —uranium dioxide system are cited for comparison. It is evident
that the saturated vaper pressures of UO are higher than the pressures of uranium monoxide above the
system U—-UQ,. Consequently, uranium monoxide is metastable above 1000°K. This is also .evidenced by
a comparison of the equilibrium pressures of oxygen (see Table 2).

However, the difference in the pressures of uranium monoxide and oxygen above the systems under
consideration decreases with decreasing temperature. As was shown by an analysis of the data of Tables
2 and 3, at the temperature 877°K and below, stable uranium monoxide may appear. But this conclusion is
insufficiently reliable, since the changes in the parameters are commensurate with the errors in the deter-
mnination .of the quantities compared.

The oxide U,0y is isolated in pure form only at temperatures below 1000°C. At temperatures above
1500K it forms solutions with UO, and U3O04. The formation of U Oy from uranium dioxide and oxygen
8UQ, + 0, = 2U,0y is accompanied by a thermal effect, equal to 86.6 kcal/mole at 298°K. The approximate

TABLE 3. Equilibrium Pressures of Oxygen and Saturated Vapor
Pressure of Uranium Monoxide above the System U—-UQ

Temperature, ° K
Parameters E ‘ :
1000 1406 ' 2000 | 2500 3000
—1g Pk | 47,531 | 30,889 | 20,571 | 18,643 ' 12,758 (8,874)
—lg Pk 33,572 21,516 1| 13,915 | 12,500 8,221 | (5,386)
—lgPUO 16,945 | 9,719 5,501 4 729 l 2,380 | (0,871)
—1g Pyq(U— —U0y) | 17,023 | 9:958 5,823 049 2,808 1,368
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TABLE 4. Partial Pressures and Composition of the Gas Phase in the Dissociation of
U404 (Approximate calculation)

Temperature, ° K
Parameters Note
1000 1300 1406 ’ 1873 ‘ 2000 2500
—lg P, 10,400 6,279 5,269 . 2,295 1,759 0,277 According to
? ' Eq.(13)
—lg P, . 15,006 9,895 8,701 4,711 4,058 1,978 —
—lg sz, U40s 43,563 31,667 28,468 19,114 17,337 12,132 —
—1lg P'c‘) U0 31,988 22,5888 20,305 13,186 11,846 7,908 —
—lg Ay 37,288 28562 26,099 18,921 17,525 13,337 —
—lg Py 55,290 40,874 36,991 25,678 23,495 16,991 —
—1g Pyo 35,667 25,744 23,003 15,284 13,812 9,474 —
—1g Py, 20,921 14,231 12,309 7,169 6,200 3,402 —
—lg PU03 13,069 8,398 7,235 3,421 ‘2,765 0,888 —
_1gEPU409 10,396 6,274 5,264 2,262 1,716 0,174 —
—lgP — 4,9—5,6 — — — — Experimental
.—18 o, )
. data accord-
ing to [1]
Composition,
vol, % .
O, 99,1 98,86 98,89 - 92,8 90,6 T 79,1 —
U0; 0,9 0,75 1,07 6,9 8,9 19,3 —

equation for evaluating the partial pressure of oxygen according to the thermal effect of dissociation, de-
rived earlier [8], takes the following form:

RlnPg,— — A”ﬂ" S 34+ 5.8- 10°AHY,, -+ (6.6-10°AHY,, —13.2) TZ100 (12)

In the dissociation of the oxide U,O4 to uranium dioxide and oxygen, using Eq. (12), we can obtain

18230 _0.82.10-T 4-9.348. (13)

1gP02= -

We calculate the standard pressure of oxygen in the formation of the ox1de U,40y from uranium and oxygen
from the following equation:

" .
lgpl(()z, U409:'§(8 Ig P(l)(z, voz + 18 Po,),

where Pléz vo, is the oxygen pressure, calculated according to the free energy of formation of uranium di-
oxide from the components in the standard states; P02 is the oxygen pressure in the dissociation of the
oxide U,0q to UO, according to the reaction:

2U,0, = 8U0, + 0,.

Table 4 presents the partial pressures of the components of the gas phase above the system U,0,-U0,,
assuming the existence of pure phases. The experimental data of [1] at the temperature 1300°K for U0,
were obtained in the range from 4.9 to 5.6 for —logPo , which is somewhat higher than the data obtained by
calculation. However, the discrepanciés are small, cons1der1ng the approximate nature of Eq. (13).

We obtain the summary pressures of the gas phase above U 04 in the form of the following equations:
17 773

IgZPy,0,= — +7.377 (1000 — 1406° K); (14

16 35
lg 2Py0, = 4

+6. 358(1406—2500°K) (15)

The gas phase above U 0y contains uranium trioxide, together w1th oxygen.

The data of Table 4 are applicable only for the pure‘phase of U,0,. However, at 1500°K and above,
UQ, and U,04 form a continuous series of solutions [1]. Therefore, when the condensed phase is impover-~
ished in oxygen, from U,O4 to UQ,, the partial pressures of oxygen should be reduced, which agrees with the
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TABLE 5. Thermodynamic Constants and Partial Pressures of the Components above U0y

Temperature, °K
Parameters 7

1000 1300 1406 1500 1873 2000
—-AGS}‘ Uq0q Cal 884727 847551 842063 807143 737074 713851
—AG.'}\’ Uz0s Cal 691500 643400 626134 611000 550625 520500
—AGY giss. vs0p Cal 44728 12376 13931 9027 —3490 —13821
—lg Pg,, atm 9,776 - 2,075 2,011 1,315 —0,407 —1,510
—lg PB?,’ atm 6,80 2,90 2,00 . 1,40 —0,70" —1,20
AGE diss. Us000 €21 31110 17250 12670 9600 —6000 —11000
—lg sz, U0 A1M 37,787 27,045 24,335 22,259 16,246 14,221
—lgay 41,316 32,192 29,780 27,812 22,596 20,560
—lg Py, atm 59,318 44,504 40,672 37,662 29,353 26,530
—lg P§, atm 13,406 8,205 7,071 6,055 3,265 5,578
—lg PU03' atm 11,697 6,598 6,026 4,811 2,560 1,360

" *Corrected according to the curve,

175°K -lghy,,atm experimental data of Aronson and Bell [1]. According to
2}0 ’I‘g 715 /f* 7|2 ’I” f f ’; % 0 the latter, when O/ U is lowered from 2.33 to 2.018 at
1300°K, P(, is reduced from 8-107 to 107 atm.

—
L

e Uiiq vo, Us04

| 1405 1 The boiling points of phases of variable compositions

UO, 33—UO, should change from 2572 to 3600°K as the oxy-
gen content is lowered. The oxide U304 has an interval of
1 i homogeneity U0, gy —UO, g; [1]. The results of a calcula~
I i tion of the dissociation of this oxide to U,04 and oxygen
are cited in Table 5.

H B Pya, 1 The decomposition point of the pure oxide U304, ac-
cording to the data of our calculation, is equal to 1726°K.
According to the data of [3], the decomposition point of

i U304 is 1950°K. This discrepancy is quite regular, if we

-lg P, atm
w o N oy v P w N
T
1

o} - consider the formation of solutions of U3Og and U,0,.
nr " Uranium trioxide forms a continuous series of solid
2l 4 I T L solutions with U3O4. The free energy change for the dis-

L2 1 AL |
‘e nsoazogow 98 7 6 5 4 sociation reaction 6UO; = 2U304 + O, was calculated ac-
"L9fp, atm cording to the data of [2, 3].
Fig. 1. Total and partial pressures of the
components above uranium oxides at 1873°K
as a function of the oxidation potential of the
gas phase.

The partial pressure of oxygen in the dissociation
of the pure oxide UQy can be described in a first approxi-
mation by the equation:

9480

Ig Pg, atm = T

+9.125 (208 — 925°K). (16)
The decomposition point of uranium trioxide, according to Eq. (16), is equal to 1037°K, and according
to the data of [10] 925°K.

Figure 1 presents the dependence of the total and partial pressures of the components above oxides
of uranium on the oxidation potential of the gas phase. Uranium dioxide exists in a broad range of oxidation
potentials and is the only congruent uranium oxide. The minimum of the total pressure above uranium di-
oxide during dissociation, noted in Fig. 1 by the point B, is greatly blurred, in view of the fact that the basic
component of the gas phase under these conditions is uranium dioxide. However, the position of the point
of the maximum is rather accurately calculated, since the constant quantity, the pressure of gaseous mole~-
cules of uranium dioxide, does not enter into Eqs. (4) and (5).

From the data of Fig. 1 it follows that uranium dioxide predominates as the basic component of the
gas phase above the system U—UQO,. When the oxidation potential is further increased, uranium trioxide
becomes the basic.component of the gas phase. In the region of equilibrium of uranium dioxide with the
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oxide U,Qy, and all the more unfler the conditions of the equilibrium U,0y—U304, the basic component of
the gas phase is molecular oxygen.

As the results of a thermodynamic analysis of the dissociation of uranium oxides, the following was
revealed.

1. Of the variety of oxides of uranium, the only congruently dissociating oxide is uranium dioxide,
which exists in a broad range of oxidation potentials. In the thermal decomposition, uranium dioxide sub-
limes with partial disproportionation to gaseous uranium monoxide and trioxide.

2. The existence of uranium monoxide in the condensed state is observed only at low temperatures
at equilibrium with pure uranium.

3. The oxides UOQ;, U304, and U,04 decompose successively, liberating oxygen.
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RADIOCHEMICAL DETERMINATION OF THE ABSOLUTE
. YIELDS OF FRAGMENTS OF THE FISSION OF Pu?!! AND
Pu??’® BY SLOW NEUTRONS

A. V. Sorokina, N. V. Skovorodkin, UDC 539.173:543.53
S. S. Bugorkov,* A. S. Krivokhatskii,
and K. A. Petrzhak

In a radiochemical study of the absolute yields of fission fragments, the basic difficulty is to deter-
mine the amount of fission in the irradiated sample. The number of fissions can either be calculated ac-
cording fo the neutron flux and effective cross-section of fission, using, for example, the formalism of
Westcott [1] for the calculation, or it can be measured experimentally.

In this work the number of fissions in targets used for radiochemical analysis was calculated accord=
ing to the number of tracks in mica detectors from fragments of the fission of an exactly known fraction of |
a fissioning substance, applied on mica, which were irradiated simultaneously with the working target in a .
special collector.

Natural mica, muscovite, preliminarily annealed at the temperature 600°C and etched in concentrated
HF, was used as the fragment detectors. After such treatment, the tracks from fragments of the spontane-
ous fission of uranium, contained in the mica, take the form of rounded rhombi, differing sharply in exter-
nal form, dimensions, and depth from the tracks of forced fission; they do not interfere with the count of
the latter and at the same time aid in the exact focusing on the surface of the mica.

A known amount of a solution of plutonium, which was produced by diluting the initial plutonium solu-
tion, from which the working targets were prepared for the determination of the yields, with 2 N nitric acid,
was applied on detectors, discs of mica 20-24 mm in diameter. The dilution and application were carried"
out by a weight method. To prevent drops of the solution from spreading over the surface of the mica, a
thermal gradient was used to dry it: the mica was heated on a plate, placed on a support with an opening
in the center. A drop of the solution was applied in the center of the mica above the opening. As a result
of the poorer thermal conductivity of mica, the temperature in the central portion above the opening was
somewhat lower than near the edge of the mica, and this is sufficient to maintain a drop of solution weighing

*Deceased.

§| 5 Fig. 1. Arrangement of the working
targets and detectors in the assembly
8| s forirradiations: 1)target of gold; 2)
mica partitions; 3} mica detectors;
4) working target with plutonium; 5)
aluminum foil beaker; 6) mica lining.
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up to 70 mg in the center of the disc. After the mica with the ap-
plied plutonium was dried, it was covered with mica from the same
lot. .

Mica detectors with applied plutonium were packed together
with the working targets into aluminum foil beakers. Mica on which
32 2 N HNO, was applied was placed in the same assembly to consider
the background from this solution. The inner surface of the beaker
was covered with mica to exclude contact of the mica detectors with
aluminum. The detectors and working targets were also separated
by a mica lining. The entire assembly was clamped between two
aluminum discs (Fig. 1).

' The samples were irradiated in the reactor of the A. F. Ioffe
& Physicotechnical Institute in a neutron flux for which the cadmium
ratio for gold proved equal to 4.26. The absorption of neutrons in
the working targets, measured according to the difference of the
specific number of tracks in mica detectors, arranged between the
-working targets and from their outer sides, was less than 0.5%.

Fig. 2. Instrument for etching
of irradiated micas: 1) Teflon
beaker; 2) mica; 3) Teflon gas- .
ket; 4) band. After irradiation, the mica was exposed for 2-3 weeks and

etched in 28% HF for 6-8 h at room temperature in a special instru-

ment (Fig, 2). The mica was clamped between a Teflon gasket and
the beaker into which the acid was poured. The access of the acid to the opposite side of the mica was ex-
cluded; therefore, the tracks were etched only on one side of the mica and on a definite area, limited by
the diameter of the opening of the beaker, which substantially facilitates the subsequent count of the tracks
under a microscope. After the end of the etching, the etched portion was outlined with a needle, and the
number of tracks on the outlined area was counted with an MBI-9 microscope at a magnification of 300
power.

The background, i.e., the number of tracks from uranium fission fragments contained in the mica,
was determined for each mica according to peripheral regions on the outlined area far from the central
zone with the layer of plutonium. It was 5-7% of the initial number of tracks. The background from a
solution of 2 N HNO; was 1.5-3.0% of the total number of tracks. Each mica was examined by two co-
workers; the discrepancy of the results did not exceed 1.5%.

The efficiency of the recording of fragments by the mica was determined according to two sources of
Cf?%?, prepared by the method of aggregate recoil. The number of spontaneous fissions in these sources
was measured with an argon-filled ionization chamber with a grid. For the conditions of treatment and
etching of the mica selected, the efficiency of recording of fragments was 96.7%, while the mean square er-
ror of ten measurements was 0.62%.

The number of fissions in the working target was calculated on the basis of the number of tracks of
the fragments registered by the detector, and the fraction of the fissioning substance applied to it. Thus,
there was no longer any need to precisely measure the amount of the fissioning substance on all the tar-
gets. The mean square error of a determination of the number of fissions in the working targets was 2-
3%, considering all errors: for dilution and application of the solutions, count of the number of tracks,
and determination of the efficiency of the mica.

This method of measurement of the number of fissions was used for radiochemical determination of
the absolute yields of Mo, Ce!¥!, Ce!*¢, and Ba!’ in the fission of Pu®*® and Pu?¥! by slow neutrons. The
working targets were dissolved in 6 M HCI in the presence of carriers: barium, cerium, and molybdenum,
10, 3, and 1 mg, respectively. All the elements were isolated from one sample. The separation and puri-
fication were carried out chiefly by ion~exchange methods. Columns 6 mm in diameter and 100 mm high
were used. Barium and cerium were separated from molybdenum and most of the plutonium by sorption of
the latter on the anion-exchange resin Dowex 1 x8 from 6 M HC! [2]. Hydroxides were coprecipitated with
carbonates from the eluates containing barium and cerium and partially plutonium, using NaOH and Na,COs.
The precipitate was dissolved in HNO;, and barium and cerium were separated by precipitation of Ba(NO,),
with fuming nitric acid, cooling in ice. The Ba(NOy), precipitate was dissolved in water, reprecipitated
twice more, and barium and strontium separated with ammonium acetate on the cation-exchange resin
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TABLE 1. Absolute Cumulative Yields of the Fragments of the Fission
of Pu?%? and Pu?¥! by Slow Neutrons

Absolute yields, 9,

Pu2io Py24t
isotopes :
this work other studies this work other studies

Mo99 6,1740,19 6,44 [12] * 6,154-0,16 6,00 [13]T
5,9 4]t - ‘ 6,17 [16]*

6,10 [15]
Bal4o — 5,58 [11]* 5,64:0,11 6,21 [17]T
5,16 |17] T 5,78 [18] *
5,86 [16] *
Cerat 5,18+0,13 5,752 [14]T 4,81£0,14 5,11 [13]F
5,23 [11}* 4,84 [18)#

5,1 [15)

Cel4s 3,8540,09 3,84 [11] * 4,0840,14 4,13 [16] *
4,09 [14]1 4,07 [18]'*
3,82 [20] * 4,08 [19] *

3,79 [15]

* The yield of the stable isotopes of the indicated masses were measured by a mass spec-
trometric method with an error in the region of light masses no more than 3-4%, and in
the region of heavy masses no more than 2%. V

T The yields were determined by a radiochemical method with an error of 4-5%,

Dowex 50 x 8 [3]. The chemical yield of barium was determined by a gravimetric method according to
BaSQO, or BaCrO,.

The solutions remaining after the precipitation of barium nitrate were combined, diluted with water J
to 8 N HNOs, the Pu(IV) was stabilized, and it was extracted from the solution by sorption on the anion- !
exchange resin Dowex 1 x 8 [4]. The eluate, containing cerium, was immediately sent to another column, ' !
filled with the same resin, mixed with PbO, powder. In 7-8 N nitric acid, PbO, oxidized cerium to the !
tetravalent state, and cerium was absorbed by the anion-exchange resin [5]. Cerium was desorbed with
0.5 M HCI with several drops of HyO,. From the solution obtained we precipitated Ce(OH); with NaOH. ‘
The precipitate was washed, dissolved in HNOs, and cerium fluoride precipitated for additional purification. i
The chemical yield of cerium was determined colorimetrically according to the color of Ce(IV) in alkaline . {
medium in the presence of Trilon B [6] in comparison with standard solutions of the same concentration as
the test solutions. The error in the determination of the chemical yield of cerium was estimated at 2-3%,
although the convergence of the results was better,

Molybdenum was desorbed from the resin with 3 M HCL. Then it was freed of antimony by sorption
of the latter on the cation-exchange resin KU-2 from 12 M HCl [7]. The eluate was evaporated, the residue
dissolved in NaOH, and La(OH)4 precipitated twice by adding lanthanum. The precipitate was discarded,
and the alkaline solution neutralized with concentrated HCI to a neutral reaction according to phenolphtha-
lein, an equal volume of concentrated HCl was added, and the cycle of anion~exchange purification of molyb-
denum was repeated. The desorption of molybdenum from the resin was carried out with 1 M HCl. Under.
these conditions, technetium is not desorbed [2]. The chemical yield of molybdenum was determined color-
imetrically according to the color of the complex of Mo(V) with thiocyanate. Ascorbic acid was used as
the reducing agent [8]. Just as for cerium, standard solutions of molybdenum were prepared in approxi-
mately the same concentration as the test solutions, and they were subjected to colorimetry simultaneously.

The activity of preparations of cerium, molybdenum, and barium was measured in a propane flow-
through 47B-counter. Aliquot portions of solutions of cerium, molybdenum, and barium were applied on
gold-plated collodion films and dried. The density of the films was no more than 15 ug/cmz; the amount
of dry substance on the film did not exceed 30 pg/em?, and in the case of Mo®, 5 ug/em?,

Ba'’ was measured at equilibrium with La!%. Filters 6 and 250 mg/cm? thick were used to measure
the activities of Ce!!! and Ce!%. Only the g particles of Pr!#, according to which the activity of Ce!%4 was
calculated, passed through the 250 mg /cm? filter. The activity of Ce'¥ was determined according to the
difference of the activities measured through the 6 and 250 mg/cm? filters, considering the coefficients of
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TABLE 2. Absolute Yields of Rare Earth Elements and Yttrium in the
Fission of Pu?® and Pu?# by Slow Neutrons

Pu239 . Pu24l

lsotope relative yield absolute yield,% relative yield absolute yield,"]fJ
Latat 1,22 4,704-0,26 1,10 4,50+4-0,17
Celal 1,32 5,09+0,14 1,17 4,784-0,18
Cel43 1,04 3,99+0,21 0,952 3,88+0,16
Pri4s 1,11 4,2740,17 1,06 4,314+0,15
Cel4as 1,00 3,85+0,09 1,00 4,08+0,14
Prl4s 0,919 3,54+4-0,16 0,739 3,01£0,14
Nd147 0,553 2,134-0,09 0,574 2,34+-0,09
Pm147 0,555 2,14+0,13 0,577 2,35+0,12
Nd149 0,296 1,14+0,08 0,361 1,474+0,06
Pm149 0,338 1,30+0,05 0,373 1,524-0,08
Pm151 0,192 0,741+0,036 0,207 0,846--0,050
Sm153 0,0960 0,370+0,015 0,128 0,522-40,022
Bulss . 0,0443 0,171+0,019 0,0568 0,2314-0,022
Sm156 0,0313 0,121 40,005 0,0401 0,1634:-0,007
Eulss 0,0322 0,124+0,005 0,0417 0,1704-0,006
Euls? : 0,0198 0,07644-0,0037 0,0319 0,130+0,006
Gd159 0,00561 0,0216+4-0,0007 0,0113 0,0462--0,0018
Thi61 0,00134 0,005154-0,00020 0,00200 0,00815+-0,00032
Yo1 0,639 2,4640,08 -+ 0,409 1,674-0,06

absorption of the 8 particles of Ce'¥! and a mixture of Ce!* and Pr!# [9]. The activity of Mo? was calcu-
lated according to the method of least squares from the curve of the increase in the activity of Te¥M jp
Mo®.. The activity measurements were begun 0.5-1.0 h after the removal of Tc%™, '

Table 1 presents the calculated absolute cumulative yields and mean square errors of four to seven
experiments; the data of other authors are also cited for comparison.

In the calculation of the yields of fragments of the fission of Pu?, the contribution from the fission
of Pu?¥_ contained in the samples, was also considered; it came to 4-7% of the total number of fissions.
The values of the cross-sections of the fission of Pu?*® and Pu?4 by neutrons of the reactor spectrum were
taken from [10], while the yield of Ba!'%? for Pu?® was taken from [11]. In all cases the calculation was per-
formed, just as in [9], considering the yields of the predecessors in the chains.

We earlier determined the cumulative yields of the rare earth elements and Y relative to the cumu-
lative yield of Ce!'*! in the fission of Pu?*® and Pu?4 by slow neutrons [9]. The absolute yields of these ele-
ments, calculated on the basis of the absolute yield of Ce'%, determined in this work, are cited in Table 2.

The negligible changes in the values of the relative yields in comparison with the same data of [9] are
explained by the fact that Table 2 includes the results of still another experiment. The values of the yields
of Sm'*, Eu'® and Sm!®* were recalculated, using the half-life of Sm!% (9.4 + 0.1) h.
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MEASUREMENT OF FISSION CROSS SECTIONS OF
U235 AND Pu?3® IN A NEUTRON SPECTROMETER
BY MEANS OF THE MODERATION TIME

A. E. Samsonov, Yu. .Ya. Stavisskii, UDC 539.125.5.164.07
V. A. Tolstikov, and V. B. Chelnokov

' Using aneutron spectrometer, we have measured the fission cross sections of U?%® and Pu?*? by means
of the moderation time in lead [1, 2]. The energy range of the spectrometer permitted us to find the rela-
tive energy dependence of the cross section from about 50 keV to thermal energies. The energy dependence
curves of the cross sections were normalized by means of the thermal fission cross section.

Method of Measurement of Cross Section

At the base of the measurement channel of the lead moderator (Fig. 1) we measured the count rate of
a fission chamber containing a layer of the test substance, as a function of the moderation time Jg(t) and the
neutron density Jg(t), with the aid of a detector with an efficiency proportional to 1/v (a BF, counter). Then,
as shown in [2],

7Ly =const | N (B, tyvoy (B)ak = <oy (E)V By = kfof<E)VE(1+6>, (D)

where v is the mean velocity of the neutrons at the time of moderation t, o¢(E) is the fission cross section
for nuclei of the test substance, <of(E)~fE > is the average over the neutron spectrum of N(E, t) in the mod-
erator at time t, § is a small correction term representing the replacement <0f(E)\/—> — of(E)JE and de-
pending on the w1dth of the neutron energy spectrum N(E, t) and the energy dependence of the test cross

| section of(E), and kf is a normalizing factor.

The mean neutron energy E (keV) and the moderation time t (usec) are connected [2] by the relatior
‘ = 183
” E :_——(t-‘rO.S)z . ) (2)

If we can neglect the correction term 6, then the expression for the cross section in terms of the neutron
energy takes the form

| o i 1 _ ' '
. Oy (E)—‘JB ) . kf VE: . . (3)

The energy dependence of the cross section can be normalized [2] from resolved resonances with
known parameters [3] or from the thermal cross section. However, the poor resolution of the spectrom-
eter does not always permit us to resolve resonances in the measured cross section with reliably measured
parameters. Furthermore, if the measured cross sections have low resonances with energies of the order
of a few tens of electron volts, then the statistical accuracy of measurements in the thermal region becomes
inadequate, partly owing to the marked fall in neutron density in the moderator [2],

JB (¢) = const ¢70-35¢—1/T (4)

where T is the mean lifetime of the neutrons (~890 pusec) in the lead prism, and partly owing to the long

times, relative to a neutron burst (~2'00\0, psec), to which in this case the thermal region corresponds (1/v |
law). . |

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 103-106, August, 19'71 Original article
submitted August 31, 1970.
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N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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6) measurement channel of graphite prism; |
7) hole in graphite moderator.
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TABLE 1. Thermal Cross Sections (in b) - An adequately intense thermal neutron spectrum can |
Usedfor Normalization with the Aid of Mea- . be obtained in a graphite prism placed near the main prism !
surements in a Graphite Prism of the lead moderator (see Fig. 1). Since the thermal neu-

tron density is greater in the graphite prism than in the
lead moderator, for the same times relative to a neutron
burst we can reliably normalize the data from the thermal
cross section.

U23s Pu2se

0 (E=0,0253 eV)  |580,2-1,816} | 741,6--3,1 [16]

1 0,977 [17]) 1,052 [17] Method of Normalization by Means of Ther-

ot 568 8 740.6 mal Cross Section in Graphite Prism

For normalization by the thermal cross section we
constructed a graphite prism, 120 x 60 x 60 cm in size.
By means of a boron detector we investigated the dependence of the neutron density Jt (t) in the graphite
pr1sm in terms of the time relative to a neutron burst. The results of B ®) measurements show that
In JB (t) has a linear graph which is established at time t > 1000 usec after the formation of an equilibrium
spectrum. In this time range the integral neutron density in the graphite prism is about 10 times greater |
than in the measurement channel of the lead prism.

In the graphite prism we also investigated the dependence of the count rate of the fission chamber,
J;h(t). Then by analogy with Eq. (1) we have _ : !
Jth( )
t)

T =k op (B V E",

(5)
whence we get an expression for the normalization factor from measurements in the graphite prism:
0! 1
SEIORTYT T ®

where —(}%h is the thermal cross section averaged over the Maxwell spectrum in the graphite prism with
mean energy E

Measurements and Treatment of Results

We investigated the energy dependence o¢(E) for U?3® with the aid of a fission chamber containing 15
mg of UO,(NOy),, and the dependence o¢(E) for Pu?3? with fission chambers containing 1.6 and 12.4 mg of
Pu0O,. The chambers were filled with a mikture of argon (200 mm Hg) and carbon dioxide (10 mm Hg).

We investigated the time dependence of the detector counts with the aid of a 256-channel analyzer [4].

" As a result of the measurements we made a correction for deviation of oBl‘o(n, o), the cross section
of boron, from the 1/v law at energies E > 1 keV. This correction was based on an expression which fairly
accurately represents the energy dependence of on(E) [5]:

Ogw (bam) — Gﬂ(ﬁ’v) —0.286, (7
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Fig. 2. Energy dependence of fission cross sections of U%3% and Pu?®®. Pu?39.
@) present authors; O) [6]; O) [7]; <) [8]; ) [9]; histogram) [5]. U?%%:

O) present authors; 0) [10]; W) [11]; +) [12]; A) [8]; @)([13]; <) [14]; —)

1. . |
TABLE 2. Values of Normalizing Factors the values found were 10% at E = 40 keV and 2% at E =2
Calculated for Measurements with Pu23® keV.

Fission Chamber The correction for the weak resolution of the spec-

Method of calculation kg trometer, &, was based on theoretical estimates of the
resolution [2]. To find the value of § we expand <o ¢(E)VE >
in a series in E—E, and reject all terms after the second:

By means of thermal cross section in 0,487+0,015
graphite prism _ _ B a(o; VE) N
Ve N _ 4 BT etAos .
\O'jVE/‘"(O'fVE)lE"‘ 5 T lE = (8)
By means of group of resonances 0,500+0,057 :
Ey = 7.85-32.3 eV Clearly the correction 6 is the relative value of the second
term in the expansion:
By means of resonance E; = 0.296 eV 0,514-4-0,051 __'E_2 (dch —|—-L- doy _i.ﬂ) AE2 (9)
"2 \dE2 ' E dE 4 E2 lE' 1
If the measured cross section follows the law o¢ ~ 1/v, then 6 = 0; if o¢ = const, then
E2
b= — L BB : (92)

8 fe

The correction in the cross section given by (9) is at most 2% when .E =~ 50 keV, where the resolution of the
spectrometer is worst (~70%). '

DISCUSSION OF RESULTS

The results of our measurements of the energy dependences of the fission cross sections of U%® and
Pu®® are plotted in Fig. 2. The cross-section ratio of]?“zzg/a}m5 is plotted in Fig. 3.
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data; ) [15]; ——-) [9].

The cross sections were normalized with the aid of the thermal spectrum in the graphite prism. The
thermal cross sections used to calculate the normalizing coefficient are listed in Table 1. The values of
the normalizing factors calculated for the fission cross section of Pu?*® from the resonance E; = 0.296 eV
and the resolved group of resonances Ej = 7.85-32.3 eV with known parameters [3] agree, within the ex-
perimental error, with the values calculated from the thermal cross section (Table 2).

The rms error in the measurement results is due mainly to errors in normalization, statistical er-
rors (~2%), and errors in extrapolation of the time —energy curve (2) to low energies (E < 1 eV) and high :
energies (E > 10 keV) {2]. Errors in normalization by the thermal cross section are mainly due to statis-
tical error and count instability in the graphite prism, and amount to about 3%.

Note that the effect of diffusion cooling, estimated from the formulas in [18], leads to reduction in the
spectral temperature in the graphite prism by about 12°C. From the graphs in [17] it follows that the values (f
of 5¢ VE  'used in normalizing the fission cross sections then alter by less than 0.2%.

The results of our measurements of o¢ for U% in the range E > 5 keV diverge from the recommended
data in [9] on average by 9-12%; the discrepancy with [12] at 30 keV is about 10%.

At energies of 0.07-10 keV our results agree within the error of measurement with the averaged
selector data in [8, 10, 11, 13, 14], which we assign to the mean value of the energy averaging interval. The

discrepancy at energies below 0.07 keV is probably due to the different values of the resolution in our work
and in the above-cited papers.

Our results for os for Pu?® at energies E < 6 keV agree with the averaged data in [5] and the recom-
mended data in [9]. :

At E > 6 keV we observe a systematic deviation from the data in [5, 9], averaging 12-15%. The dis-
crepancy with the averaged data of selector experiments [6-8] is probably due partly to insufficient resolu-
tion in our method of measurement in comparison with these experiments. :

The values obtained for o%/o? agree with the averaged values in [19]. The agreement with the recom—
mended values of Hart [9] is much better. The recommended results of Davey [15] seem somewhat too high
in comparison with our own experimental data.
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NEUTRON RADIATIVE CAPTURE CROSS SECTIONS IN
SILVER, Au'®’, Th232 AND Uy?3®

Yu. Ya. Stavisskii, V. A. Tolstikov, UDC 539.172.4
V. B. Chelnokov, A. E. Samsonov,
and A. A. Bergman

The neutron radiative capture cross section in heavy nuclei is of interest in nuclear theory and in re-
actor construction.

This paper presents measurements of averaged neutron radiative capture cross sections for silver,
Au'®, Th?2, and U in the energy region below- 50 keV which were obtained with a neutron spectrometer
using slowing-down time in lead [1, 2].

Normalization of the energy dependence of the cross sections for silver and Au!”’ was carried out by
means of resolved low-lying resonances and thermal capture cross sections based on measurements in a
graphite prism located close to the main prism of the lead moderator [3]. Normalization of the energy de-
pendence of the cross sections for Th®®? and U%*® was carried out by means of low-lying resonances and '
radiative capture cross sections for silver and Au!®". The data presented here is compared with other re-
sults.

Method of Measurement

In the working channel of the lead moderator, measurements were made of the dependence on slowing-
down time of the prompt radiative capture y-ray count from the sample, J (t) by means of a y-detector, |
and of the neutron flux flux, Jg(t), by means of a l/v counter (BF; counter) Then, as was shown in [2],

140,3 N
c( ) H;% L, ¢

where o (E) is the radiative capture cross section of the sample nuclei, and k (n M, £,) is a normalization
factor which depends on the effective sample thickness, i, the monitor count, M, and the detection efficiency
for a capture event, €. ‘

The average neutron energy E (keV) and the slowing-down time t (usec) are connected by the emp1r1-
cal relation [2]

183 :
E= (t40.32" @

Detector

A gas proportional counter was used as the detector of prompt capture y-rays. By surrounding the :
walls of the counter with lead (having a total thickness d = Ry, where Rg is the range of the secondary elec—
trons produced by the y-rays from radiative capture) and filling to high pressure (10 atm of argon + 4%
CQy), it was possible to make the dependence of the y-ray detection efficiency (sy) on y-ray energy (E,) -
nearly linear ‘

&y =~ const £, (35'

In this case, the detection effiéiency for a radiative capture event is determined only by the total energy of '
the y-ray cascade, i.e., by the neutron binding energy in the nucleus By (since the kinetic energy of the

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 107-112, August, 1971, Original article
submitted December 7, 1970.
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Fig. 2. Energy dependence of the radiative capture cross section in silver: @, O) this

work; ) [12]; D) [24]; ©) [25]; W) [26]; A) [27].

TABLE 1. Values of Normalization Factors

Sample Method By
Silver, n=2,2 | Resonance  Agl99,| 1,392-+0,089
x 10%! atom Eo=15,19eV
2
/em ‘| Thermal crosssectionf 1, 465-+-0,030
03“:63,6;&:0,6 barn
17
Aul®?, 7=1,8 | Resonance Au'" E, | 1,104-:0,066
%1021 atom =4,906 eV
/cm?
Thermal crosssection 1,0964-0,025
ol =98,8 '
+0,3 barn [7]
Th232, n=1,0 Resonance Th232 Eg, | 0,4670,036
x 1021 atom 21,78 and 23,45 eV
cm?
Auls?, n=G6, 0 0,477--0,028
X 102°atom/cm
U2s8, n=1,3 Resonance UZ® E, 0,621+0,077
%1021 atom - =6,67eV
/cm? -
Aul®?, n=6,0x | 0,582+0,038

1020 atom/ cm

neutron can be neglected)
e, ~ const B, (3a)

and does not depend on changes in the y-ray spectrum
from resonance to resonance [4].

Thé accuracy of Eq. (3a) can be evaluated through

measurements of the various samples on a proportional

gamma counter. Since the normalization factor kx (calcu-
lated from resonances of known parameters [5] or from
the thermal cross section [3, 5] and adjusted for sample
thickness n and neutron flux) depends only on the detection
efficiency for a capture event, it is possible to determine
the dependence £,(Bp).

Normalization factor values obtained by gamma
counter measurements of the various samples are shown
in Fig. 1. A least-squares analysis of the results yields
a value ky/fiBy = 0.945 + 0.037; it then follows that Eq.
(3a) is satisfied with an accuracy of +4% for the gamma
detector used in the measurements.

Measurements and Analysis of Results

Sample measurements were made with a neutron
burst frequency f equal to 625 and 312.5 Hz. The duration

of the neutron burst was kept to a minimum (~ 0.5 usec) in those sets of measurements where it was impor-

tant to obtain data on the energy dependence of the cross sections in the keV energy region (at small slow-
- ing-down times).
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Fig. 3. Energy dependence of the radiative capture cross section in Au!*’: @, O) this
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+) [18]; x) [10].

x) [32]; ©) [34]; V) [36]; V) [37];

The amplification channel of the gamma counter combined a UIS-2 nonoverloading amplifier with a
"Siren" discriminator amplifier. The time dependence of the detector counts was investigated with a 256-,
channel analyzer from the Measurement and Detection Center of FIAN [6]. ‘

In measurements of the effect of capture in the sample and of the spectrometer y-background (with-
out sample), the detector activation was maintained at saturation (the counter was irradiated for ~10 min
before the beginning of each set of measurements), which made it possible to neglect it in the analysis of
the results. Measurements of the effect were alternated with measurements of the natural y-background |
of the samples (thorium and uranium). .Correction for the contribution from the natural y-background,
which was constant for equal time intervals over the entire time range, to the total count was made by sim=-
ple subtraction. Sample activation was determined from the ratio of the counts obtained for measurements
in the gamma counter to the counts obtained from measurements in a boron detector, where there is no
activation, in the analyzer channels corresponding to ‘energy reglons in which the cross section under study
follows the 1/v law:

Ji—a  Jl—a
?,],3 = *%=const‘ (4)

It is then easy to obtain an expression for the determination of the activation correction:
(J,—

a—.f ——JB—ZTJB)—

Evaluation of other corrections and possible errors in measurement, made in accordance with [5],
leads to an insignificant error (less than 1-1.5%) in the cross sections investigated.

Normalization of the energy dependence of the cross sections was made by means of resolved reso~
nances with known parameters [5] and by means of thermal capture cross sections obtained by measure-
ments in a graphite prism located near the main prism of the lead moderator [3]. In addition, measure-
ments with a gamma detector for which Eqs. (3) and (3a) were satisfied permitted normalization by means
of measurements of samples for which the radiative capture cross sections were reliably known. Then if
the investigated and standard samples had identical geometries
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where kg, ng, Mx, a)é, and Bﬁ are respectively the normalization factor, sample thickness, monitor count,
detection efficiency for a capture event, and nuclear binding energy for the sample under study, and kg,
ngt, Mgt, sgt, and Brslt are the same quantities for the standard. Normalization factor values obtained from
measurements of the samples under study are shown in Table 1. The errors shown are the results of sta-
tistics and the inaccuracy of the resonance parameters used [7].

DISCUSSION OF RESULTS

Silver. The energy dependence of o ,(E) for silver was measured with samples containing the natural
mixture of isotopes having two effective thicknesses: 4.3-10%! and 2.2 -10?! atom/cm? (@ and O respectively
in Fig. 2).

The data obtained in this work is in agreement with measurements made with the slowing-down-time
_ spectrometer previously (5] (normalization by means of the resonance at E; = 5.19 eV). The agreement
with other data shown in Fig. 2 is good; it is within the limits of experimental error.

Au'®’. The energy dependence of 0o(E) for Au'®” was measured with samples of two effective thick-

nesses: 1.8-102! and 6.0-10%° atom/cm? (@ and O respectively in Fig. 3).

The data obtained in this work is also in agreement with previously obtained results from the slowing-
down-time spectrometer [8] (normalization by means of the resonance at E, = 4.9 eV). The agreement with
other work, mainly using time of flight, is good,

Th232. The energy dependence of-crc(E) for Th?3 was measured with ThO2 samples of three effective
thicknesses: 9.6-10%!, 4.0-10%!, and 1.0-10?! atom/cm? (@, ®, and O respectively in Fig. 4).

The data from [9-16} 'is presented in original form while that from [17-20] was renormalized as de-
scribed below. By way of warning, we point out that we did not have numerical data available from [9, 13-
16]. The appropriate information was taken from figures in the publications mentioned.

| In [20], the cross section ¢ for Th?? was measured by the activation technique. In calculating the
cross section from the experimental data, the authors used a y-ray yield K .= 0.9 quanta/decay for y-rays
with an energy E, =311 keV. According to the decay scheme for Pa?3, however, only a fraction K; = 0.36
of the g decays yields quanta with an energy of 311 keV, and a fraction K, = 0.59 of the 3 decays yields
quanta with an energy of 311 keV in cascade with quanta of lower energies. Obviously, only K,/2 of the
quanta arrive at the crystal unaccompanied by cascade quanta, and will be recorded in the 311 keV photo-
‘peak. The remaining half of these quanta must be recorded in the sum peak of the cascade. However, the
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softer quanta are more strongly absorbed in the sample and in the crystal housing; consequently, there is .
an additional fraction of y rays with E‘Y = 311 keV which will be recorded in the 311-keV photopeak. There-
fore the true fraction of y rays per g decay event lies between the values K| +K;/2 and Ky +K,. As an

estimate, one can take K = (K; + 3K,/4) +'k,/4. Then the adjusted cross section will be 560 + 150 mb. «\

The data from [17] was renormalized by using ¢ ,(E) for I*" taken from the curve in the atlas [7].
addition, the more recently recommended value of 6.2 b [7] was used in place of O’Th =5,6Dh.

In [19], the behavior of the cross section o for Th?¥? was measured with respect to the cross section
for the B“’(n a) reaction. These results were reviewed and joined with o, (24 keV) = 615 mb {12]. The
results in [18] were renormalized by taking into account new fission cross sections taken from [22].

Our data in the energy region above 5 keV is in agreement within the limits of experimental error
with the main part of previously published work. In this region, and also in the region below 5 keV, there
are significant disagreements with [13, 16]. It is difficult to point out the reasons for such discrepancies
without having more detailed information. It is necessary to point out, however, that in comparing data
from different authors, it is important to consider differences in resolution and sample thickness (blocking .
effect).

U?S. The energy dependence of the cross section o (E) for U?8 was measured with U;04 samples of
three effective thicknesses: 7.1-10%, 3.9-10%, and 1.3-10?! atom/cm? (@, @, and O respectively in Fig. 5).

Preliminary data on the neutron radiative capture cross section of U3 was published earlier [23].
In this work, this data is brought to final form after refinement of the experimental constants associated
with the normalization of the energy dependence of the cross section.

In Fig. 5, our data is compared with other results, which are presented in original form with the ex-
ception of [19] where the data was renormalized to the value 0c =439 mb (E = 24 keV). One should also
keep in mind that the results in [16] were obtained with a U?%38 sample thinner than ours (1.3- 1021 atom/cmz)
and therefore the blocking effect should be weaker. 3

In conclusion, the authors express their gratitude to I. M. Frank and I. Ya. Barit for offering the op- ;|
portunity to make measurements with the slowing-down-time spectrometer, to F. L. Shapiro for his interest
and for valuable discussions, to I. V. Shtranikh for arranging the work at the Measurement and Detection
Center, to Yu. A. Dmitrenko, V. M. Polyakov, and their associates in the electronics group for help with the
measurements, and to 1. V. Syutkina and E. N. Zhukova for help in analysis of the results.
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EXPERIMENTAL INVESTIGATION OF THE
FEASIBILITY OF INCREASING THE CAPACITY
OF INDIUM ~ GALLIUM CIRCUITS

G. 1. Kiknadze, V. §. Bedbenov, UDC 621.039.55
R. B. Lyudvigov, and L. G. Sharimanova

The great interest in liquid~metal radiation ecircuits with indium —gallium and indium —gallium —tin
alloys is associated with the possibility of creating high~power y~-radiation sources {1]. The radiation
capacity of such installations depends in a considerable measure on the kind of activity generators in which
neutron fluxes, leaking out of the nuclear reactor core, are directly converted into pure y-radiation.

Up until recently, such generators consisted of single "thick" (Z5d ~ 1)* blocks of indium y-carrier -
located in the reactor reflector [2-5].

The high absorption of thermal and resonance neutrons in such activity generators causes drastic
disturbance of the neutron flux, the self-shielding factor is very low, and the total number of absorbed neu-
trons is small in comparison with the total leakage of core neutrons into the reflector.

At the same time, the specific radiation power of the y-carrier A = 75231‘ [6] (where @ is the average
neutron flux that activates the carrier and I is the energy released in the decay of one carrier nucleus) de-
termines the maximum possible overall capacity of any radiation circuit R: !

— VagV; VagVi :
R~ @3, BN = ag. I
* Vag""vir +Vie X 4 Vag Vi Ve ! (1)

-where Vag, Vir, and V¢ are the volumes of the y-carrier in the activity generator, irradiator, and radia-
tion circuit respectively. The factor > oI in (1) corresponds to saturation activity of the -carrier and
depends solely on the average flux of neutrons generating radioactive nuclei.

Obviously, the main factor in increasing the total radiation circuit capacity is the neutron flux 3
which determines the magnitude of A for a given species of y-carrier nuclei.

The method suggested in [7] has been used to calculate the thermal neutron distribution in indium
y-carrier blocks in a graphite reflecting layer V1. The layer touches the core border. Figure 1 shows
the thermal neutron distribution in indium y-carrier blocks numerically calculated by solving the one-
velocity kinetic Boltzmann equation by the spherical harmonic method in the P; approximation. An analy-
sis of these curves for absorbing blocks A,5/n (n = 0.5, 1, 2, 4, 8, 16) thick indicates that the thermal-neu-
tron self-shielding factor of the block can be substantially increased by using "thin® (Z,d %~ 0.1) indium
y-carrier layers. (For example, if A,5/16, the thermal neutron flux that activates the y-carrier is nearly
equal to the undisturbed flux.) On the other hand, the influence function, calculated for thin indium layers .
spaced at ~A¢.1 in a moderator block with continuously distributed thermal neutron sources, indicates the
advisability of using multilayer activity generator systems. Thus, the interlayer influence function of an

*Where X, is the macroscopic absorption cross section of thermal neutrons in the indium y-carrier. Ead'
=1 when d = Ay, Ag being the mean absorption path of thermal neutrons in the vy-carrier. ‘

T 7 denotes the neutron age in the moderator.

TA¢y is the transport mean free path of neutrons in the moderator.

Translated from Atomnaya E’}nergi'ya, Vol. 31, No. 2, pp. 113-118, August, 1971. Original article
submitted August 6, 1970; revision submitted January 4, 1971.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 2. Location of vertical channel in nuclear reactor core (a) and
graphite assembly of eight-layer activity generator model b): 1) -
graphite; 2) fuel; 3) 180mm channel; 4) 120 mm assembly; 5) )\a/s
indium foil; 6) 2 em graphite layer; 7) copper monitor; 8) indium

sample; 9) aluminum assembly jacket; Pp,, PP,, AP) reactor con-
trol rods.

| activity generator consisting of alternating layers of indium y-carriers A,/16 thick spaced at 2 cm in a
graphite reflector v 7 thick amounts to about 5%.

o To verify these results, the Physics Institute of the Academy of Sciences of the Georgian SSR con-
' ducted an experimental analys1s of neutron flux d1str1but10ns in various heterogeneous assemblies that
served as activity generator models.
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TABLE 1. Activity Generator Characteristics
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I |One indium layer )\a.tthk at 7843,9; 68-43,4: 6834 1 0,37-£0,02 1
the center of graphite assem-{ g5333: 6013.0; '
bly. The indium layer con- -| 66+3,3; 64+3,2;
sists of eight indium foils 68+£3,4; 75%3,7;
)\1/8 thick each
II |Eight layers of indium Ay/8 136-+6,8; 119+6,0; } 105,9+5,3 | 1,56+0,16 | 0,584:0,03 | 1,574+0,16
thick each spaced symmetri-| 110:5,5; 110+5,5; -
cally with respect to the as- | 99+5,0;  85:+4,3;
sembly center at 20 mm in- | M+£4,5  9744.8;
tervals
I Eight layers of indium Naf4 654-3,2; 484:2,4; 43,4+2,2 | 0,64+0,07 | 0,2340,01 | 0,6210,06
i i-1 4542,5;  44-+2,2; :
thick eéch spaced symmetri 49424 3942.0;
cally with respect to the 432,0;  40+2.0;
center at 20 mm intervals. 4042,0; 45+2,3;
_ Each X\,/4 layer consists of zﬁi%:g: Zgigzgz
two A 2/8 indium foils 38+1,9;  424-2,1;
IV |One X,/2 layer of indium at | 137+7,0; 123+6,2; | 125,3+6,3 | 1,842+0,18 | 0,66--0,03 | 1,784:0,18
the center of the graphite 115458, 120+6,0; ’
. 1284-6,4; 12646,3;
assembly, The layer consists| 12546,3; 128+6,4;
of eight X ,/16 indium foils
V |Eight X ,/16 indium layers 2594-13,0; 248+:12,5; | 244,6+12,3] 3,6+0,36 | 0,8740,04 | 2,3540,24
symmetrically spaced with | 247==12,4; 24412,2;
Y : 24012,0; 2361:11,8;
respect to the center at 20 241412,0; 242+12,1;
mm intervals

* As the average thermal neutron flux in activity generator models having a single y-carrier layer Ay and A,
/2 thick is taken the neutron flux averaged over the measured thermal neutron distribution in the layer. Within
the limits of experimental accuracy, the average thermal neutron flux in models with Xa/4, Xa/8, and A,;/16

Y -carrier layers is taken to be the neutron flux measured on the layer surface.

The experiments described below were an attempt to find a range of optimum parameters of various '
dense indium —graphite lattices serving as activity generator models.

EXPERIMENTAL METHOD

The model assemblies were cylinders consisting of alternating graphite discs and indium foils of
various thickness and spacing. The diameter and total height of all assemblies was 120 and 320 mm, re-
spectively.

The assembly construction, made up of individual graphite discs 20 mm thick and of thin indium foil .
with a thickness A,/8 =125 mg/cm? (0.0173 cm) and A, /16 mg/cm? (0.0086 cm), made it possible to vary
both the lattice spacing and the thickness of indium layers by varying the number of foils in a layer. We
have studied six different configurations of heterogeneous assemblies simulating six different activity gene-
rator models (see Table 1).

For plotting the neutron flux distributions in the assemblies and to find the specific activity (specific
radiation capacity) stored in the foils, the assemblies were irradiated in a vertical channel 180 mm in dia-
meter placed at the edge of the core of the IRT nuclear reactor in Thilisi [8] (see Fig. 2a).
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Fig. 3. Thermal neutron flux distribution: a) in graphite block
without absorber; b) in single-layer model of activity generator
with A, layer of y-carrier; c¢) in single layer generator model

with A,/2; d) in eight~layer generator model with Aa/4; e)in

eight-layer generator model with A,/8; f) in eight-layer model

with A,/16.

To allow for reactor power fluctuations, monitors of 10 mg/cm? metal gold foil were placed in all as- -
semblies at a distance 60 cm from their top. All measurements were normalized for the counting rate of
this monitor. The distribution of thermal neutrons over the height of heterogeneous indium —graphite as-
semblies was measured by activating 20 mg/cm2 pure copper foils placed between graphite discs at 20 mm
intervals (see Fig. 2b).

The specific activity in the indium absorber layers was determined by measuring the radioactivity of
indium samples in the form of discs 10 mm in diameter cut from the center of irradiated Aa/8 and Aa/16
foils. The measurements were made with the aid of a pulse-height analyzer and a scintillation y~spectrom-
eter. The measuring error was 4-5%. The thermal neutron flux distribution is shown in Fig. 3.

DISCUSSION OF RESULTS

The distribution of thermal neutron flux in a graphite assembly without y-carrier (Fig. 3a) indicates
that the neutron production density in the assembly is constant over a length of 26 em (~V2T for graphite)
as predicted by the Fermi age theory. The relative thermal neutron flux determined in this assembly and
normalized for the monitor count rate has been assumed as the average undisturbed flux &, in all subse-~
quent measurements. In plotting the thermal neutron distributions in the investigated activity generator
models, the relative flux has been obtained by similar normalization. This makes it possible to compare
the results obtained in different models by relating it to a unit ordinate corresponding to the undisturbed
flux in the chosen relative units,

Figure 3b shows the thermal neutron distribution in a single-layer activity generator model with a
y-layer A, thick (model I in Table 1). The disturbance of the neutron flux by the absorber is high and the
average thermal neutron flux in the y-carrier layer is 0.37&,. :
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A comparison of the curves in Fig. 3b and e shows that the average thermal neutron flux in the case
of a single y-carrier layer is 1.56 times lower than in the eight-layer model with the same total thickness
of y-carrier* (models I and II in Table 1). The specific radiation power of the eight-layer model is 1.6
times the radiation power in a single layer of the same total thickness.

The curve in Fig. 3d shows the thermal neutron flux distribution in a heterogeneous system of eight
indium layers (model III in Table 1) of a total thickness equal to 2A,. The average specific activity of in-
dium foils as well as the relative average thermal neutron flux in this model is 35-40% lower than in a
single-layer system consisting of an indium block A4 thick (model I in Table 1). The total indium activity
is ~1.25 times the total activity in model 1.

If the indium foils were placed in the moderator not as a heterogeneous system, as in model III, but
as a single indium block of equivalent thlckness the total indium aectivity would amount to ~ 0.85 and not
1.25 (relative units) (see Fig. 1).

The thermal neutron flux distribution in a single 7‘a/2 indium block (model IV) is shown in Fig. 3c.
The disturbed flux at the distribution minimum amounts to 0. 6cI>0 and the average flux in the layer is @

A comparison of the specific activity of single~layer models (I and IV in Table 1, Fig.3b and c¢) shows
that the specific activity of the y~carrier in a )\a/z layer is 1.84 times than in a A, layer.

The average thermal neutron flux, which determines the y-carrier specific activity, in a A,;/2 layer
is 1.78 times the flux in a A4 layer. Thus, the generation of radioactive nuclei in the y-carrier layers of
such thickness takes place as a result of absorption of mainly thermal neutrons.

The specific activity of model V, stored in eight indium layers A,/16 thick each and spaced in the
graphite at intervals of the order 0.7A;., cannot be ascribed entirely to In'!¢ generation by thermal neu-
trons. This is indicated by the data in Table 1 in which the ratio of average thermal neutron fluxes is 2.35
in the chosen system of relative units, while the ratio of specific activities is ~3.6. Such a discrepancy
can be explained only if the contribution of resonance neutrons into the generation of In!1¢ nuclei is allowed
for. In fact, the resonance integral, calculated in accordance with [9], is ~600 b for thin indium layers
such as )\a/16 layers and barely 100 b for A4 layers. This fact can be of great importance in reactors in
which the fraction of fast and resonance neutrons in the leakage spectrum is considerable. In such reactors
it is possible to design activity generators in which the thickness of moderator layers between y-carrier
layers with high self-shielding factors for resonance electrons is such that groups of fast neutrons can
achieve an age equivalent to indium resonance energies. In such a case it is possible to obtain considerable
gain in specific and total capacity of the radiation circuit.

The practically continuous distribution of thermal neutron sources in the investigated graphite struc-
ture (see Fig. 3a) makes it possible to compare the theoretical and experimental values of thermal neutron
fluxes in thin y-carrier layers. In particular, the distribution curve in Fig. 1c indicates that the average
thermal neutron flux in a A,/16 layer is ~0. 963<I>0 Taking into account the influence function of such layers
spaced at 20 mm intervals in a graphite moderator we arrive at a figure of ~ 0. 9<I>0 for the thermal neutron
flux in the assembly. The experimental value of thermal neutron flux is ~ 0.88,.
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exceed 5% because of low flux depression.
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DOSIMETRIC PROPERTIES OF BORON NITRIDE

G. A. Lubyanskii, V. V. Styrov, UDC 539.16.08
and V. A. Sokolov

The development of new and effective thermoluminescence dosimeters is closely associated with the
study of radiation processes in solids [1]. An investigation of the dosimetric properties of compounds of
the type of A(III) and B(V), which is now being paid considerable attention, is of interest, In this work we
investigated the thermoluminescence and dosimetric properties of one of the representatives of this type
of compound, boron nitride (BN).

EXPERIMENTAL

Samples. Boron nitride, synthesized according to the method described in [2],* possesses a hexago-
nal lattice with parameters corresponding to the literature data [3]. Spectral analysis for impurities indi-.
cated the presence (in wt. %) of: Al < 1074, Mg < 107, Ca < 10, Ag < 1074, Si < 1073,

Samples activated by manganese, europium, and samarium were also produced. Boric acid served
as the flux. The charge was calcined at 750°C for 1 h and at 1400°C for 30 min in a stream of ammonia.
The samples were used in the form of powders; in individual cases tablets were prepared by pressing at
a pressure of 450 kg/cm?.

Experimental Method. The thermoluminescence of boron nitride was investigated after irradiation
of the samples at room temperature with y-quanta on an RKh-y-30 apparatus and with thermal neutrons in
the vertical channel of the nuclear reactor of the Institute of Physics of the Academy of Sciences of the
Latvian SSR.

The apparatus for recording thermoluminescence curves, consisting of heating and recording units,
permitted the use of higher rates of heating (3.6-9.1 deg/sec) and ensured constancy of the selected system. .
The sample was applied directly on a constantan plate, heated by current, with a depression for the lumino-
phore, in a thin dense layer in the form of a weighed sample (30 mg) or in the form of a tablet (60 mg). The
thermoluminescence curves were recorded with an FEU-39 with an SZS-14 filter, cutting out thermal radia-
tion. The time of recording of one curve was 40 sec. The emission spectra were measured on apparatuses
of P. Stuchka Latvian State University and A. F. Ioffe Physicotechnical Institute of the Academy of Sciences
of the USSR.T{

Thermoluminescence of Boron Nitride Irradiated by y-Quanta

Curves of Thermoluminescence and Spectra. The absorbed dose was varied from 10 to 3-108% rad.
The experiments indicated that without preliminary irradiation, both of inactivated and of activated BN, no
thermoluminescence is detected. However, at a dose of 10 rad, a thermoluminescence peak already appears
at a temperature of 125°C (rate of recording 9.1 deg/sec); Beginning with a dose of 5- 10% rad, a second
peak appears at the temperature 425°C. When the dose is further increased, the second (high-temperature)
peak becomes dominant, and the light sum luminescing in it constitutes 95% of the total stored light sum.

*We should like to express our great gratitude to G. V. Samsonov and M. D. Lyutoi for providing boron
nitride. _

TWe should like to thank V. Ya. Grabovskii and L. S. Druskina for providing these apparatuses and for
their practical aid in conducting the experiment.

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 119-122, August, 1971. Original article
“submitted July 30, 1970; revision submitted October 5, 1970.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
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Fig. 1. Curves of the intensity J of thermoluminescence of hex-

agonal BN at various temperatures and absorbed doses: 1) 102 .

rad; 2) 10% rad; 3) 10° rad.
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Fig. 2. Value of the stored light sum of hexagonal BN as a func-
tion of the dose D of ~-radiation for the first (1) and second (2)
thermopeaks. The relative units of the light sum are different
for the two curves.

The dynamics of the curves of thermoluminescence of BN is shown as a function of the absorbed dose in
Fig. 1. For various samples of inactivated BN (samples of a different origin, in addition to those indicated
in the experimental section, were also investigated), the first peak lies in the interval 110-150°C, the second
in the interval 425-490°C. From Fig. 2 it is evident that the stored light sum in the first peak increases
nonlinearly with the dose, and a deviation from linearity already occurs at relatively low doses (10° rad).

At the same time, the stored light sum in the second peak increases as a linear function of the dose all the
way up to 10° rad. In the same dose interval, the thermoluminescence intensity is approximately propor-
tional to the irradiation dose.

At a dose of 5-10° rad, the stored light sum reaches a maximum value and gradually drops when the
dose is further increased. Moreover, the maximum of this peak is shifted in the direction of high tempera-
tures with the dose, Thus, at a dose of 2.4 -108 rad, it corresponds to a temperature of 510°C.

The emission spectrum of the thermoluminescence of inactivated BN lies in the blue-green region.
In both thermopeaks, radiation with wavelengths A = 380-520 nm is observed. (The position of the maxi-
mum of the spectrum for various samples varies in the region 388-429 nm.)

Boron nitride, activated by manganese (1 mole %), exhibits three thermopeaks. The first thermopeak
is gituated at the same temperature (110-150°C) as the temperature of inactivated BN. The second is situ-
ated at the temperature 250-270°C, and the third at 375-440°C.

The activator thermopeak (250-270°C) begins to appear at a dose of 5-10% rad; the stored light sum
corresponding to it is approximately proportional to the dose of irradiation up to 10% rad. At very high
doses, 2.4 -108 rad, this thermopeak disappears. The activator thermopeak has somewhat lower intensity
than the high-temperature peak of inactivated BN at equal doses.

The emission spectrum of the thermoluminescence in fhe activator thermopeak takes the form of a
band with maximum at A =497 nm to 518 nm.

In the case of activation of boron nitride by europium (0.1 mole %) and samarium (0.5 mole %), no
activator peaks were detected, but a high-temperature thermopeak appears at a somewhat lower tempera-
ture (by 60-70°C) than for inactivated BN.
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J, rel. units From the results cited it follows that inactivated BN con-
tains at least two varieties of traps, the depth of which were
100 determined from the thermoluminescence curves according to
OW-*U 7L the Urbach formula and the Lushchik equation [4] and are 0.7-

| 0.8 eV for the first thermopeak, and 1.4-1.6 eV for the second
\N_ thermopeak.

80 A,,;_ﬁ.z_u
| We should mention the high reproducibility of the results
i 3 ‘ from sample to sample in a lot and from lot to lot for the same

60 { i method of synthesis of BN from raw material of the same qual-
10 20 3 t,h ity: +5% for the position of the maximum of the thermopeaks,

Fig. 3. Loss of the stored light sum S +10% for their intensities.

of the high-temperature peak of hex-

agonal BN as a function of the duration

of storage at various temperatures.

The method of syntheéis and purity of the starting mate-
rials appreciably influences the curve of thermoluminescence,
especially the light sum. Thus, BN synthesized from cp raw
material stored an order of magnitude smaller light sum than
BN synthesized from very pure raw materials. We observed the same tendency for a shift in the thermo-
peaks of BN, synthesized according to the method of [2], after its supplementary calcination in air. Thus,
after 20 h of calcination at 1300°C, the maximum of the first peak was shifted from 120 to 140°C, and that
of the second from 480 to 400°C; there was a redistribution of the intensities of the peaks in favor of the
low temperature peak.

With respect to sensitivity to the dose, BN is only two to three times inferior to LiF. Let us note
that the activator peak of BN—Mn, possessing linear dose characteristics and favorably situated in the
temperature scale, is also convenient for purposes of dosimetry.

Conservation of Stored Light Sum. We verified the ability of boron nitride to conserve the light sum
at different temperatures. The results are cited in Fig. 3. It is evident that in a period of 10 h at room
temperature, BN loses approximately 3% of the light sum (curve 1), while at 50 and 68°C it loses 8 and 17%,
respectively (curves 2 and 3). Dosimetric information with respect to the second thermopeak is preserved
(by approximately 30%) for 90 days (dose of irradiation 10° rad).

At a low dose rate of the irradiation of boron nitride for a long time, there are practically no losses
of light sum. Thus, in an experiment during which BN was irradiated for ten days at a dose rate of 0.6
rad/h, the stored light sum proved close to the calculated. This property permits the use of BN for dosi-
metric purposes, including low dose rates.

Dependence of the Sensitivity on the y-Radiation Energy. The storage of the light sum in the irradia-
tion of inactivated BN with y~quanta of Co® with energies equal to 1.17 and 1.33 MeV, and Tu!" with E,
= 0.084 MeV, was compared. It was established that in these cases neither the shape of the thermolumines-
cence curve nor the dose characteristics depend on E.y. '

Boron nitride, as a dosimetric material, possesses tissue equivalence: the effective atomic numbers
of soft biological tissue (7.42) and BN (6.8) almost coincide.

Possibility of Repeated Use. In the dosimetric respect it is important that a sample does not experience
irreversible changes after complete deexcitation of the stored light sum, and return to the initial state. The
reproducibility of the thermoluminescence curves was verified in the case of repeated (five times) irradia-
tion of the same sample with the same dose. After each irradiation, as a result of one temperature cycle,
the thermoluminescent emission entirely disappeared. When irradiation was repeated, the intensity of the
thermopeaks and their positions were almost unchanged.- This shows the possibility of the repeated use of
BN as a dosimeter without special intermediate treatment.

Resistance to Interference. In thermoluminescence dosimetry, the source of interference, especially
at low doses, may be chemiluminescence and triboluminescence, which give a false signal. We did not de-
tect any emission of nonirradiated BN during heating in air. Triboluminescence also was not detected. To
verify this, the same sample was irradiated with the same dose twice, and the second time the powder was
mixed before heating. No differences in the thermoluminescence curves were detected.

We also verified whether the light sum is stored when BN is irradiated with sunlight. It was found
that in the case of 5 h exposure, the first thermopeak is detected for inactivated BN (at the temperature
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TABLE 1. Dosimetric Properties of BN in Neutron Irradiation

Flux,neutrons/ cm’
Sample 1010 1011 1012 [ 1013 1012 1015
Jlltl Jaot ta Jl‘tl Ja to JlItllleizlJllh‘lelz Jl]ill-’2|f2 Jllh d2| t2

BN, 4120 — | — 61150 — | — | 10{160} — | — | 12 163—'— 16165} — | — | 25]165| — | —
cubic ’

BN, 21150 | 401500 61150] 70|510] 41|1501155{520 221451 (170|522 | 8150180 (522 3|155 7 |520
hexa-

gonal

BIiJ ;nl\gl%wZ 85126260 133|107 132 282| 25| 150 | 165|365 220150| 42|315| 9|165] 47 387l 21164] 14390
%o '

BN —Eu, | 10{118| 63401 | 20|120| 74|405{130| 137|129 |412|133| 152|183 362 |80 |155| 43387 | 13|147|180 | 370
0.1 .

mole%

Note: J, and J, are the intensities of the first and second thermopeaks, rel. units; t; and t, are the temperatures
corresponding to them, °C; rate of heating 9.1 deg/sec.

150°C), equivalent to an absorbed dose of y-radiation of 3 rad. In the case of 20 h exposure, the intensity
of this peak reached a level equivalent to 7 rad.

BN activated by manganese proved even most sensitive to daylight. In the case of a 5h exposure, it
exhibited a thermopeak at the temperature 110°C, equivalent to a dose of 4.5 rad; in the case of 20 h expo-
sure, it exhibited two thermopeaks, and the high-temperature peak at the temperature 260°C corresponded
to a dose of 12 rad. '

Thus. a dosimeter based on BN must be protected from the action of sunlight.

Thermoluminescence of Boron Nitride Irradiated with

Thermal Neutrons

The experimental results are presented in Table 1. It is evident from it that cubic BN exhibits
thermoluminescence with one peak, the intensity of which increases nonlinearly with the thermal neutron
flux. In this case, the temperature corresponding to the maximum of the thermoluminescence curve is
shifted from 120 to 165°C. ' :

Hexagonal BN, in the case of irradiation with thermal neutrons, just as in the case of irradiation
with y-quanta, possesses two peaks of thermoluminescence, lying at the temperatures 150-155°C and 500~
525°C, respectively. Probably the centers of capture responsible for these peaks are of the same nature
as in irradiation with photons, although in the case of neutron irradiation the peaks are somewhat shifted in
the high-temperature direction. These centers of capture existed before irradiation and did not appear as
a result of it. In addition, irradiation induces color centers in BN, which in the presence of large fluxes
(> 10! neutrons/cm?) becomes evident, since the color of the sample changes from white to brownish. How-
ever, no new peak of thermoluminescence appears in this case, and the intensity of the old ones, on the con-
trary, decreases. At a flux of ~10!7 neutrons/cm?, thermoluminescence disappears entirely. The colora-
tion of BN may be explained by the formation of F-centers [5, 6].

Hexagonal BN, activated with manganese and europium, also possesses two thermopeaks, the positions
of which, as can be seen from Table 1, differ from the thermopeaks characteristic of inactivated BN. For
example, the high-temperature peak corresponds to considerably lower temperatures at the same doses.
The dependence of the temperature of the maximum on the neutron flux in this case is sharper.

Let us note also that the dosimetric information is well presérved during neutron irradiation. Thus,
16 days after irradiation, the light sum is still 80% of the original value. A comparison of the efficiency of
BN as a dosimeter in irradiation with y~quanta and neutrons shows that the intensity of the thermopeaks at
a y-irradiation dose of 1 rad is approximately six times as great as at a dose of 1 rem of irradiation with
thermal neutrons. Thus, BN can serve as an effective dosimeter of y-irradiation.

In conclusion, let us express our sincere gratitude' to Z. A. Grant and K. K Shvarts for their useful
advice and their aid in conducting this work.
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A VARTABLE-ENERGY PROTON LINEAR ACCELERATOR

V. A. Bomko, A. P. Klyucharev, UDC 621.384.643
~and B. I. Rudyak )

The most serious disadvantage of most linear accelerators for ions is that the particle energy cannot
be varied. An accelerating structure of Alvarez type [1] takes the form of a cavity loaded by drift tubes and
excited in the Eg, mode; in principle, it does not allow the beam energy to be varied. Particles with inter-
mediate energies can be obtained only by dividing the accelerator into sections, which involves some diffi-
culties and which does not provide smooth energy variation.

There is a long history of attempts to obtain intermediate ion energies from linear accelerators. The
Berkeley heavy-ion accelerator uses the fact that a detuned linear-accelerator system can produce a beam
containing particles with intermediate energies as well as ones with the maximum energy. Some compo-
nents of intermediate energies can be isolated by deliberate deviation from normal operation (e.g., by
changing the accelerating field distribution and adjusting other elements). Such working conditions are un-
stable, and the intensity is much less than that for a beam with the full energy. Various explanations have
been offered in terms of features of the particular accelerators: large apertures of the drift tubes and grid
focussing in the section before the extractor.

A new method of linear ion acceleration has been developed at Kharkov Physicotechnical Institute,
which provides smooth energy adjustment (in principle, to any value less than the maximum) without loss
of intensity or of monochromaticity.

Principle of Smooth Energy Adjustment

The device uses parts with uniformly distributed accelerating fields of varying length, so the cavity
cannot be excited in the Ey, mode. If the cavity is so excited, such parts cannot be produced. The field
distribution can only be distorted (perhaps chaotically) by the perturbmg tuned devices normally used to
produce acceptable uniformity in the field.

We concluded that excitation in the Eyy mode (or higher Ey; modes) can provide energy adjustment
when the frequencies of the individual sections of the accelerator are perturbed by tuned devices. We drew
this conclusion about this essentially parasitic wave type from the changes in the field distribution in the
cavity. '

It is usual to employ a cosine distribution of the high-frequency electric field along the axis (curve 1
of Fig. 1) in order to excite the Ey4 mode in the cavity of a linear accelerator having drift tubes with all
the sections tuned to the same resonant frequency. Perturbations at one end of the cavity allow one to
shift the nodes in the electric field along the axis, and appropriate turning of the sections allows one to pro-
duce parts with uniform fields and sharp cutoff (curve 2 of Fig. 1).

Stepwise energy adjustment is provided on changing the length of a uniform part having ideally steep
cutoff, the steps being equal to the energy gain per stage in the accelerating structure. The practical cut-
off has a finite slope, which can be varied to provide smooth energy adjustment.

The beam must pass without loss through the part of the accelerating structure where there is no ac-
celeration, which requires a prearranged distribution of the magnetic fields in quadrupole lenses in the
drift tubes.

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 123-126, August; 1971. Original article
submitted June 8, 1970; revision submitted January 4, 1971.
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Fig. 1. Field distributions along the
\ ! accelerator corresponding to Egy,

excitation: 1) all sections tunedtothe
same frequency; 2) frequencies of
sections adjusted to produce a part \
with a uniform distribution in the ac- ;

celerating field.

4

Field~Shaping Devices

The cutoff must be fairly steep in the parts of uniform
distribution but vary in length in order to provide monoener-
getic beams accelerated to intermediate energies.

There is another reason why the beam becomes less
monoenergetic. If the uniform field distribution is produced
by deforming the left branch of the Ey, wave (Fig. 1), there
remains a certain distribution of the electric field from the
right branch. This field is especially strong when short parts
with uniform fields are produced in order to accelerate par-
ticles to energies less than half the maximum energy. These
fields have no great effect on the mean energy, which is deter-
mined by the left branch; in the right branch, the particles
deviate from synchronism, and their energies on average do
not alter. However, the residual right-branch Ey, field in-
creases the energy spread, and it also causes useless dissi-
pation of high-frequency power in the cavity.

One needs very simple adjustment of the accelerator
from one output energy to another, and this should provide-for
automatic control of the adjustment to optimum beam param- |
eters at any intermediate energy as well for programmed
variation.

These requirements impose severe demands on the tuned
Fig. 2. Disposition of the tuned stub in - devices. Some currently used tuned devices (cylinders,
the cavity. spheres, plates, etc.) attached to the cavity wall are ineffectivé

when the Eyy mode is involved, since the fields are then much

more stable, and hence they are less sensitive to perturbations

introduced into the cavity. Also, they do not allow one to eliminate completely the right-branch field of the
Ey 4 mode.

All these fequirements are met by a stub of variable length attached to the end wall of the cavity; this
is also simple and convenient. This new resonant system has effects somewhat similar to those of a half
drift tube attached to the end, whose length is also adjustable.

Fig. 3. The tuned device.
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A tuned stub was found to be most effective if placed near the side wall of the cavity (Fig. 2). As the
stub is inserted into the cavity, the Eyy, field node shifts along the cavity, and the right-branch field is ulti-
mately eliminated completely. This device is not only effective but also-simple in design (Fig. 3); it is
convenient to use and provides for automatic smooth energy adjustment.

RESULTS

We examined the energy adjustment on a proton linear accelerator having a maximum energy of 9
MeV and an energy spread of 90 keV [3]. The working wavelength was A, = 2.1 m, mean electric field along
the axis 18.4 kV/cm, cavity length 6 m, injection energy 500 keV, 34 drift tubes, and grid focussing. This
accelerator was commissioned in 1966 and since then had worked in the Ey, mode at 0.2 pA and a utiliza-
tion factor of 0.1%. ' : ’

Early in 1969 it was converted to smooth energy adjustment. First we did development tests on
methods of producing parts with uniform accelerating fields and variable lengths in the Ey; mode. We
examined the distribution of the loss of high-frequency energy in this method of field shaping, the effects
on the cavity Q from various methods of field shaping, and the stability and perturbation sensitivity of the’
field. -We also examined the working characteristics with smooth energy adjustment,

The resonant stub was attached to the end wall of the cavity 10 em from the side wall. This distance
provided adequate performance while eliminating breakdown to the wall. :

The resonant stub was used with tuned devices of ordinary type to shape the fields for producing
smooth energy adjustment. The stub shifted the Eyy node through the necessary distance, while lateral
tuned devices provided field uniformity and steep cutoff. Figure 4 shows seven accelerating-field distri-
butions along the axis produced in this way.

Appropriate adjustment provided a uniform distribution for the Ey, left-branch field throughout the
length of the accelerator. As we did not know the entire previous history of this distribution, we could not
distinguish it from the uniform Eg, distribution usually obtained. The two uniform distributions all along
the cavity produced identical losses of the high-frequency power.

Figure 5 shows examples of the proton energy spectra for energies corresponding to the field distri-
butions of Fig. 4. The energy spread was 50 keV when the protons were accelerated to the maximum energy
by an Ey4 field uniform all along the accelerator, which is substantially less than the spread for ordinary
Eg acceleration. Figure 5 shows that the beam current and energy increase together, which is due to the
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use of grid focussing, which was absent on the part where there was no accelerating field and where there
was some loss of the particles.

Figure 6 illustrates the scope for use of this method by reference to the excitation function for elastic
scattering of protons by Cr? as measured at 60°. The points correspond to the energies used in the experi-
ment. e . |

Since September 1969 the accelerator has been used in experiments involving smooth energy variation
from 3 to 9 MeV. The insertion depth of the tuned devices was varied in accordance with a set program
without breaking the vacuum and with the high-frequency power on. The power supplies were placed to in-=
ject the power near the entry section 1n order to provide the required levels for the short parts with uni-
form field distribution.

Prolonged use in the Egy mode has shown that this provides not only smooth energy adjustment but
also high stability in the beam characteristics. Even when maximum-energy operation is needed, Eg;
workmg is preferable to the ordinary Ey, mode. '

This method has the advantage that it can be operated on existing linear accelerators without major
design changes and hence without additional cost.
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DYNAMICS OF COLLISIONS OF CHARGED CLUSTERS
ASSOCIATED WITH A SHOCK ACCELERATION MECHANISM

-~ A. G. Bonch-Osmolovskii - UDC 621.384,01

In 1956 Veksler [1] proposed a shock mechanism for accelerating clusters of charged particles, a
variant of the general coherent method which he considered there. At the 1959 Geneva Conference on Ac-
celerators, Veksler and Tsytovich {2] presented a brief analysis of shock acceleration, and included the
case of collision of charged clusters.

_ Recently interest has revived considerably in the collective acceleration method [3], on the one hand,
and in the question of obtaining large electron currents [4], on the other. There is reason to think that suc-
cess in this area could bring the accomplishment of shock acceleration considerably closer, since the real
problem has become the creation of a heavy cluster with the required parameters.

The present paper deals mainly with certain aspects of collision dynamics of charged clusters and
the establishment of the main characteristics of shock acceleration, including the basic parameters of the
charged clusters themselves. The generation and prior acceleration of these clusters are not considered
here.

Kinematics of Elastic Collision of Two Clusters

Our notation will be: all quantities relating to a heavy cluster will have the numeral 1, and to a light
cluster, the numeral 2. For example, My, vf, 'y? are the mass, velocity, and energy (in units of Mc?) before
a collision of a heavy.cluster; and Nze, Vy, Y14 are the number of particles (electrons), the "running" elec-
tron, and the transverse energy of the electrons in a light cluster, respectively. The running electron is
usually defined by: v =rj (rg = e?/mc?, n is the linear density of particle number, and is N/27R for a thin
ring of radius R); Quantities before collision have subscript 0, and after c¢ollision, no subscript,

We agsume that conditions for elastic collision of two clusters are met, and that the collision is head-
on (the target parameter is much less than the cluster size). The first agssumption will be discussed below.

In the general case we assume that the heavy cluster has velocity v1 and the light cluster v2 before
collision, the directions of the velocity vectors being the same, and vg > vg Then it is easy to show, using
relativistic velocity transformation formulas, that the energy of the light cluster after the collision (the
precise meaning of the word fafter" is elaborated below) will be

1210 va +V2/c2

Ez:Mzszz—sz——' y (1)

where V is the velocity of the system center of gravity (the c-system):

= Mo+ Mg | )
T MW +Myy :
If the condition
My > My, : , 3)
is satisfied, then V ~ vf; and the c-system practically coincides with that in which the heavy cluster is at

rest. Then

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 127- 132 August 1971. Original article
submitted July 10, 1970. '

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00. :
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M,
Yrelt 77,
By~ 2y — O @
14237, Yrel
and
0,,0
tre1 =108 (1—25).- (5)

The quantity yye] is the energy of the light cluster at infinity in the c-system with condition (3) satis-
fied. We derive a simpler formula for ype] in the important practical case when
BWIL AWSL W >wh . , ©)
) _
@

Vrel = 3

e
.

2

Now we can see that if a stricter condition than (3) is satisfied, viz.:

‘ M2 2May e - It
(here the heavy cluster has practically no energy change in the collision process), then:
E; = 2M o9y rel. ‘ 9

In the particular case when v) = 0, vy, = v} and
Ey m~ 2M eyt _ (10)
The last formula was given by Veksler [1], and defines the well-known v? effect in elastic collision of

relativistic particles.

Under the above conditions, an increase in energy of a light cluster by a factor of ¥% in the laboratory
system during a collision indicates elastic reflection in the c-system of a light cluster from the force cen-
ter (the heavy cluster), with energy v at infinity.

Conditions for an Elastic Collision

The above collision kinematics assumes that charged clusters move and interact according to the law
applicable to the behavior of elastic spheres of mass M, and M,. We should explain that the conditions for
this model are close to the actual picture of charged cluster collision. : :

Earlier papers on shock acceleration mainly considered neutral clusters with an intense azimuthal
current, and interacting by virtue of magnetic repulsion forces (for oppositely directed currents in the clus-
ters). But these currents cannot be maintained by a spatially uniform magnetic field, and, additionally, the
magnetic interaction is relatively weak in this case, which is awkward from many points of view. There-
fore, the present paper gives attention mainly to interaction of charged clusters.

We consider a light cluster in the form of a thin electron ring with large radius R and small radius
a, and a small impurity of ions, the electrons rotating with energy 'yiz (before the collision) in the azi-
muthal direction. As regards the heavy cluster, we assume only that its characteristic geometrical dimen-
sion does not exceed R, and that the rotational energy of the electrons is 'yfi. We also assume that it con-
sists entirely of electrons and that its mass satisfies Eq. (8). This last point means that the heavy cluster
is at rest in the c-system, and its subsequent motion is not considered.

The large dimension of both clusters is maintained by a uniform magnetic field, so that the currents
in.the clusters have the same direction.

The chief assumption made in considering shock acceleration is that the distance_ of closest approach
during the collision (in the c-system) is considerably larger than the characteristic dimension R of the
clusters. Then the interaction energy of the two clusters can be written approximately in the form

W (11)

z 2z

z

2NN, ___€e2ViN, ( R )z

In writing Eq. (11) it is assumed that the currents in the clusters are relativistic during the entire time of
collision. The number of ions in the light cluster is small, so that N, ~ Nf. We neglect the second term
in Eq. (11), considering that R < zpip.
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We now explain the conditions when the changes in the parameters of the light cluster, i.e., the large
radius and rotational energy v, ,, during the collision can be considered small.

The ratio of the additional radial coulomb force due to the heavy cluster to the centrifugal force of
the electrons in the light cluster primarily determines the change of light cluster radius as it nears the
heavy cluster. This change is small if :

ek,
Fo— = Zs < 1. (12)

center i V 12

Here v, is the running electron of the heavy cluster, and z; is the least distance between the clusters.

The change in radius R is also related to the change in v,, due to magnetic interaction of the clusters,
which can easily be evaluated from the law of conservation of generahzed azimuthal momentum of the elec-
trons of the light ring.

Assuming that the change of radius indicated by Eq. (12) is small, we can obtain the following condi-
tion for the change in vy, ,:
Ay, ~ vy

T
Y12 Yi2

(&)« | (13)

Thus, if Eq. (12) is satisfied, as we shall assume from now on, the parameters of the light cluster can be
considered unchanged during the collision (v; > ).

It is easy to show that the change in the correspondlng parameters of the heavy cluster is neghglbly
small when Eq. (12) is satisfied.

A collision will be trﬁly elastic when the light cluster, during scattering at the heavy cluster in the
c-system, loses a negligibly small fraction of its original energy by radiation. It is clear that the known
radiation upon coulomb scattering of a charge eN, can play the main part under the assumptions made.

Assuming small loss to radiation, we determine the dynamics of motion of the light cluster, and
establish criteria for a small loss in rad1at10n

Taking account of Eqs. (10) and (11), the equation of motion of a light cluster in the field of a heavy
one is

M z' - 2NN, . ‘ 14
Sa—sig® ' -

Here M, contains both the ordinary and the electromagnetic mass of the light cluster. With renormaliza-
tion, the mass of the light cluster is:

My=mgy NS [1_1_ (l Sa—R——)J + mN;. ' : (15)

Y_Lz

Here v, is the running electron of the light cluster, and m; and Nj are the mass and the number of ions that
it contains. '

Accounting for conditions at mflmty (the total energy of the light cluster is Mzc Yrel)s the first inte-
gral of Eq. (14) g1ves the energy conservation law:

My NN, '
Vi—p Illzczyrel_ ; : (16)
- and
2NNV, \2 .
i VY (2009 o1~ ) prgen . )
c Moty — ezzv,N2
Now it is easy to determine the distance of closest approach of the clusters in the c-system:
' 2NN, .
= W ey — D (18)
Subsequent integration of Eq. (17) leads to the relation z(t).
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A matter of very great interest is the possibility of finding the "collision time" fc, defined as twice
the time for the light cluster to travel the distance from z, to the point where the interaction of the clusters
may practically be neglected, i.e., when the light cluster has energy equal to Wyrelec (w2 1). From Eq.
(16) we easily obtain

— vrel—=1 2 1
=1 -1 _-- 0. <%
Yrel 27 el

(19)

At distances of z > 10z, following reflection, the energy of the light cluster exceeds 90% of the maximum -
value.

According to the definition

dz
w=2 |5 (20)
E2) z
or [using Eqs. (17), (18), and (19)]
. % .
225 (yre1 —1) zdz
To= — . 21
‘ ‘/‘;’Yrel (== V21
This integral has been calculated, and 7, is
sz w1 * 1 V‘erel —1 -l/ﬁel”z_'1'{_‘Vi’:el""1
fo= 0(1+?,e1) —% Ve —1 o Vpey 1% ) (22).

In the majority of cases of practical interest, 'Vrel"l > 1; then the term in Eq. (22) containing In can be
neglected, and

220 erel %2—

Te & - (1—%)(1-|—'Vre1—\ P (23)
for n =0.1 7, ™ 20 zy/c. _
We determine one further characteristic of shock acceleration: the "interaction length" is the dis-
tance which the heavy cluster traverses during the collision time Tc'Y(i) (in the laboratory system):
L=t o 20Nt V=T (24)

Mot (v e1— 1) 1—%

The quantity L is the path length over which the light cluster is accelerated by the electrlc field of the
heavy cluster.

We now estimate the fraction of energy which the charge of the light cluster loses in radiation. It is
known [5] that the energy loss in radiation by unit charge is :
o -
_ 2et a __4etNg _dr 25)
P _L &2 (z)dt B | | = (25)

The main part of the radiation spectrum is concentrated in the frequency region wTte ~ 1; the corresponding
wavelengths are cons1derably greater than the geometrical size R of a cluster, i.e., A & 201rz0 > R. Over-
estimating the result somewhat, we consider that the radiation of the light cluster is fully coherent, and then
_ 4eNENT € de ' _
AEm gt | wr - (26)
0

It can be shown that the main part of the loss falls in the relativistic velocity region far from the stop point§
the losses near the latter are less by a factor of Yrel than that in the relativistic region. Then we can sub-
stitute z = z, + ct in the interval, and calculations give

AE 4 N, S8R 1 : N;2
T 5 N Ve1— 1) [1+ 2 ( T_Z)—‘_m:’lz‘ﬁz]' 27)

Under ordinary conditions v,/y,, <1 and mj/mgy,,-N;i/Ny ~ 1. Then the criterion for an elastic collision
reduces to the condition :

o> (e — 1. @)
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Simultaneous Acceleration of Ions and Electrons of a Light

Cluster during Shock Acceleration

As was seen in the previous section, the distance z, of closest approach of the clusters in the c-sys-
tem determines all the important characteristics of shock acceleration. The conditions of the coulomb
nature of the interaction and the absence of change in the geometrical dimensions and in the elastic nature
of the collision determine z; at low values.

For a group acceleration mechanism there must be ions in the acceleration process, contained in the
light cluster, and accelerated along with the electrons. This requirement also imposes a limit on the dis-
tance of closest approach of the clusters; these conditions prove to be very rigorous.

We assume that the small dimensions a of the cross section of a light cluster (a ring) remain un-
changed during the colligion, in a coordinate system instantaneously fixed in the light cluster. Then the ion
oscillation frequency in this coordinate system is also unchanged and is:

2 €2N,Z ' '
t = S Ratmy ° 29)

The collision process is adiabatic as regards the ion oscillations if the ions make many oscillations about
an equilibrium position during the collision time 7, i.e., the condition

Qit, .

=21 30

Vrel ( )
is satisfied. For the parameters of practical interest condition (30) is satisfied, and the problem thus re-
duces to ion oscillations in the potential well of the light cluster under the action of an external force vary-
ing slowly with time.

It is convenient to solve a problem of this type by transforming to an intringic (noninertial) coordinate
system fixed in the light cluster. The appropriate mathematical tools have been described in [6]. The
problem of containing ions in the light cluster resembles that of the accelerated relativistic oscillator [6],
with the difference that the acceleration is variable in-the instantaneous coordinate system. If the conditions
for relativistic motion of ions in the intrinsic coordinate system, v,meg/mj <« 1, and for the deviation of the
metric of the intrinsic system from the Gallilean to be small, e?N;N,a/M,c?z} « 1, are satisfied, then the
equations of motion of ions in this system will have the form [6]:

d2z’ e2N ( Z 1 )

—_— 2 ,-— —_—————— —— ——
g+ = 2() \my  mgy) o

@81)
Taking condition (30) into account, the solution of this equation is the sum of the oscillatory term and the
forced term; this gives the deviation of the center of oscillations of the ion from the center of the potential
well because of inertia forces. By requiring that this deviation should not exceed, for example, half of the
small radius, a, of the light cluster, and putting Z/m; <« 1/mgy,, and Nj/Ng, - mj/mevy;, <1 for simplicity,
we obtain the condition for the ions to be contained in the form:

Ny i Ve (l’ze_lli.)2 ) (32)

N,” ‘m, 2aR v,

From the above discussion the following conclusions can be drawn.

Conditions have been determined which, on the one hand, ensure maximum efficiency of this method
of acceleration, and, on the other hand, allow a very simple mathematical analysis of the acceleration pro-
cess to be made. Conditions (8) and (28) relate the ratio of the number of particles in the clusters and
Yrel, and indicate that Ny and N, must differ by at least two orders of magnitude. The most stringent re-
strictions, also involving other cluster parameters, are imposed by condition (12) and particularly by (32).

A light cluster can be represented in the form of a thin ring with R/a > 1, y,, =10, and v, ~ 1, which
corresponds to number of electrons Ng, ~ 101, If we take v; =10, which corresponds to N; = 10!¢, condi-
tions (8), (12), and (28) will be satisfied for yye] < 5.

From expression (32), with the chosen parameters, we find that the ratio of the large and small radii
of the light cluster must be ~10%. Thus, acceleration of this kind of cluster of electrons and ions over a
leong’ch of ~100 m results in the ions acquiring an energy of ~ 300 GeV, assuming, for example, yg = 3 and
vy = 30.
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TFurther increase of the energy of the light cluster (or weakening of the restrictions on the shock ac-
celeration parameters) is possible if we obtain compact charged clusters with number of electrons more
than 1016, '

In conclusion, the author wishes to stress the decisive part played by V. I. Veksler in formulating
the problem in the form described here, and also wishes to thank M. L. Tovnovich, K. A. Reshetnikov, and
V. P. Sarantsev for useful discussion related to the questions dealt with in this paper. |

IL;
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ABSTRACTS

EXPANDED EXPERIMENTAL POSSIBILITIES OF METHODS
BASED ON STUDY OF THE NEUTRON NOISE OF A
NUCLEAR REACTOR"

V. V. Bulavin ' UDC 621.039.512.2

A method is proposed for analyzing the neutron noise of a "zero-power" reactor, based on the assump-
tion of a one-rate "point" kinetic model. In contrast with existing statistical methods based on the same
model, this method permits one to obtain in an independent experiment exhaustive information about the
physical parameters of the reactor. This is achieved by artificially separating the neufron-detection events
in a detector in a steady-state reactor into two groups of events having different effects on the subsequent
development of the chain reaction.

We consider a subcritical reactor within which there are two physically different pulse detectors: an
absorption detector (e.g., a boron counter) and a fission chamber. We assume that a steady-state neutron
flux is maintained in the reactor by a source having an intensity S (neutrons per second) and a Poisson neu-
tron distribution. Retarded neutrons are neglected. According to this model, each neutron in the reactor
may disappear as the result of capture or leakage; cause a fission event in the active zone, resulting in the
formation of v neutrons with a probability of f(v); be absorbed in the first detector (the boron counter); or
be absorbed in the second detector (the fission chamber) during a fission event, resulting in the formation
of v neutrons with a probability of f,(¥). We denote by A¢, Af, }‘di’ and }‘dz respectively, the probabilities
per unit time for these processes. The total probability per unit time that a neutron will disappear in the
reactor is At = Ag + Af + Adl + 7\d2 =1/1, where 1 is the lifetime of instantaneous neutrons. In general we
have f(v) =£,(v), since the fissile isotopes in the reactor and detector may be different. The method pro-
posed here consists of measuring the probability that a neutron is detected by detector j during a time inter-
val (£, t + At) for a steady-state reactor under the condition that a detection has occurred in detector i at
t = 0. We denote this probability by Ci]-(t)At, where i and j may take on the values 1 and 2. Analytic expres-
sions are obtained in the complete article relating Cij(t) to the properties of the medium and detectors:

Cii(t)=?»d‘1}+‘;m.Aexp(—al) (i==1, 2); (1)
1 1 .
Con ()= k,l,{B»-}-}»dkA exp (—at)+ xdeZ exp (— oty (k==1, 2), )
where
S ; Az}‘fv (v_ml)“"'hd,vz (v,—1) :
@ 20

a:h,——lﬁ—}»d?‘;z: v= E vi (v);
- v=0)
v(v--—i): N vv—1)f(¥): V= 3 vfa (v):
v=0 v=0
VD= S v —1)f2 ().

v==()

The probabilities Ci]-(t) may be measured by a multichannel time analyzer, as in the Rossi-a experi-
ment. This procedure yields a, Ag,, Ad,, S, Af, A¢, and Ag, if v, 1, v(v=1), and v,(v,—1) are known. These

Translated from Atomnaya Energiya,-Vol. 31, No. 2, p. 133, August, 1971. Original article submitted
August 20, 1970. . '

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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data may be used to calculate the effectlve instantaneous-neutron multiplication coefficient Km =VAg

+ V2>‘d /A¢. If the fissile isotopes in the active zone and in the detector are the same, we have f(v) =f,(v)
and thus Km = V(Af + Aq, )/At = Keff(1 —Beff) and A = v(v—1)/7-Keff(1 — Beff)/2al, where Keff is the effec-
tive neutron multlphcatlon coefficient, and Beff is the effective relative number of retarded neutrons. By
measuring probabilities (1) and (2) in a critical reactor (Kqff = 1), one can determine Beffe This method
expands the capability of statistical methods, since it permits a study of the physical properties of media in
which neutron multiplication does not occur, and it permits measurement of the average number of secon-
dary neutrons (¥,) which arise during the fission of various isotopes.

DYNAMICS OF NEUTRON KINETICS PROCESSES IN A
CIRCULATING-FUEL REACTOR

V. P. Zhukov and R. I. Kreer ' _ UDC 621.039.514

A simplified ("point") dynamic model of neutron kinetics processes in a circulating-fuel reactor is
derived under the assumption that the time it takes the fuel to pass through the core is much shorter than
the average lifetime of the principal sources of delayed neutrons. The equations of the point model were
obtained by integration distributed equations of the original dynamic mode! (neutron diffusion equations,
equations of the concentration of sources of delayed neutrons, separation of sources at the core exit) over
the volume of the core of the circulating-fuel reactor. The above assumption is resorted to when there is
insufficient connection between the intermediate, entrance, and exit concentrations of the sources of delayed
neutrons. The following system of equations of the kinetics of a cireulating-fuel reactor is derived:

ﬂ_ak ﬁ ZIOIO Z s ci

dt []
dC; B2 .
_di'tzlolz,o n—hiC; ""—"(01 ex —Cien)
g

14 \Z
Cien=7 Ci sep. ex (‘—[7:') e "

¢y sep. ex =380 ex
Ci=05(Cien+Ciex) i=1,..., N.

Here V and Vp are the fuel velocities in the core and in the fuel return path; L and Lt are the length of the
core and the length of the fuel return path; S; is the separation coefficient; the subscript 0 refers to unper-
turbed conditions, the subscript "sep" refers to the separator: the rest of the notation retains the usual
meanings. '

This system of equations was used in an investigation of the dynamic properties of circulating-fuel
reactors. The investigation was conducted by analog computer simulation. An estimate of the effective-
ness of various modes of perturbations in terms of reactivity &k, fuel velocities V and V7, and the macro-
scopic fission cross section Ty was made. It was shown that the principal perturbation is the reactivity
perturbation. The effect of delay time (in the core and in the fuel return path) and of the degree of separa-
tion of the sources of delayed neutrons on the dynamics of the neutron kinetics processes was investigated.
Separation of sources of delayed neutrons having the highest value of the product gjA; is found to exert the
greatest influence.

Translated from Atomnaya Energiya, Vol. 31, No. 2, p. 134, August, 1971. Original article sub~
mitted December 8, 1970.
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EQUIVALENT SYSTEMS OF KINETICS EQUATIONS FOR
A CIRCULATING-FUEL REACTOR*

V. P. Zhukov and R. I. Kreer ] UDC 621.039.514

The use of equations of neutron kinetics with all groups of delayed neutrons is not always justified,
in some investigations of the dynamics of circulating-fuel reactors, particularly in investigations of a quali-
tative nature.

- The article discusses mathematical descriptions of neutron-kinetics processes in circulating-fuel
reactors, utilizing equivalent equations of kinetics which make use of only one group of delayed neutrons.
A system obtained in the case of the "point™ model of a circulating-fuel reactor [see the preceding abstract]
was used as the initial system of equations. Two equivalent parameters are determined when the initial
system of equations is replaced by the equivalent system: the decay constant A and the separation factor
o of the equivalent group of sources of delayed neutrons.

The choice of criteria for determining parameters A and « is studied. The article relies on two
criteria: 1) the criterion for approximation of the values d?v/dt?|; -, dvin/dtlt —; 2) the criterion for
approximation of the values d?y/dt? 't =0 d3v/ds | t =g, where v and vij, are the relative deviations of the
neutron density in the nonlinear and linear models of the neutron kinetics of a circulating—fuel reactor.

Equations for determining parameters A and o were derived on the basis of these criteria. Compari-
son of the results of investigation of the equivalent systems corresponding to these criteria show that best
results are obtained when reliance is placed on the first criterion, particularly when investigating circulat-
ing~fuel reactors for stability.

THE TRANSFER OF RADIOACTIVE N!3 N16 AND p!®
ALONG THE LOOP OF THE VK-50 BOILING REACTORY}

A. P, Veselkin, V. D. Kizin, UDC 621.039.5
I. G. Kobzar', V. Ya. Kucheryaev,

A. V. Nikitin, I.. N. Rozhdestvenskaya,

and Yu. V. Chechetkin

We conducted an experimental investigation of the distribution of water activation products — the iso-
topes N3, N1 and F1® —along the loop of the VK-50 boiling reactor. Specimens of reactor water and steam
condensate from the loop were passed through an ion exchange column. The activity of each isotope was
measured in the cationic, anionic, and neutral forms. The isotope N'® was separated spectrometrically, and

the N'® and F!8 were also separated according to the decay curve and the chemical processing of the speci-
men.

The measurements showed that the N® in the reactor water contained 10-15% cations, 85-90% anions,
and no detectable neutral forms. In the steam the N'6 is all in cationic form. The distribution of the dif-
ferent forms of N3 in the reactor water was analogous.

*Translated from Atomnaya Energiya, Vol. 31, No. 2, p. 134, August, 1971. Original article sub-~
mitted December 8, 1970.

tTranslated from Atomnaya Energiya, Vol. 31, No. 2, p. 135, August, 1971. Original article sub~
mitted November 16, 1970; revision submitted January 8, 1971. ' :
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It was shown earlier that the only compound of nitrogen with oxygen or hydrogen that can pass in sub-
stantial quantities from the boiling water into the saturated steam is ammonia in the neutral form NH; or
NH; - HyO. In the VK-50 reactor this takes place under operating conditions, but when the coolant specimen
is cooled, the ammonia dissociates and is recorded on the instrument as the cation NH;. The absence of
the neutral form N in the steam, even though it had been detected in the EBWR and HBWR reactors,
apparently due to the lower spec1f1c energy release and steam content in the EBWR and HBWR actlve zones.

|
Measurements of the activity of the N'® in the reactor water and steam as a function of the water 1eve1
in the reactor showed that the most important role is played by the radioactive decay of nuclei as a result
of the variation in the time it takes the coolant to move from the active zone to the input of the sampling
lines. ‘

The activity of the N in the steam is approximately proportional to the square of the reactor ther-
mal power. This agrees with the measurement made on the EBWR reactor but differs from the results
obtained on the HBWR.

On the basis of the measurement of N6 and N3 forms in the coolant of the VK-50 reactor and the ap-
parent distribution coefficients for NH;, NO;, and NOj;, we estimated the apparent distribution coefficient
of the total activity of the nitrogen isotopes between the steam and the water. Depending on the parameters
of the installation, this coefficient varied from 0.2 to 0.6, with an average value of approximately 0.32.

All of the F13 in the reactor water and steam condensate is in the anionic form; the apparent distri-

bution coefficient for this is 0.1-0.2.
&

MINIMIZING THE RADIAL TEMPERATURE DROP IN
CYLINDRICAL DISPERSE FUEL ELEMENTS

Yu. V. Milovanov and R. I. Abramyan UDC 621.039.516.5

——— =

_ Minimization of the radial temperature drop AT in a disperse fuel element requires solution of the (
variational problem for the radial distribution of the fuel concentration in the element for the minimum
AT (the fuel concentration ¢ averaged over the cross section, the diameter of the element, and its thermal
power must remain constant). This problem is solved below for the particular case of a stepped concen-
tration distribution, easily achievable in practice, in which the fuel element is divided into two concentric
zones (an inner one and an outer one) having different volume concentrations of fuel, ¢, and c,, respectively,
constant within each zone. Here we have

e = cp—22 (p—1) | (1
where p = r}/r}; r, is the radius of the inner zone; and r, is that of the outer zone.

The calculations are based on a parabolic dependence of the thei’mal-conductivity coefficient A on the
fuel concentration:

A=A —a (M —A)etb(A"—A’) e, (2)

which is a good approximation of the experimental data. Here X' and A" are the thermal-conductivity coef-
ficients of the fuel and matrix, respectively, and « and b are constant coefficients. 1

It is also assumed that the volume heat evolution qy is related to the fuel concentration by

avi@=Acy o) i i 3 !

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 135-136, August, 1971. Original article
submitted December 23, 1970; abstract submitted March 17, 1971.
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(where A is a constant coefficient); this corresponds to the situation in the case of a hard neutron spectrum,
i.e., in a fast reactor.

Solution of the differential heat-conduction equation for the two zones of the fuel element leads to the
following expression for AT:

gve (F3—r]) _ (ave—ava) iy 7%
o, T, M (4)

"l
AT =T(O)—T () =104

Substituting Eqs. (1)-(3) into Eq. (4) and converting the latter to dimensionless form, we find

_ I -
podr ' 0 L S ) L= —pe=hinp Y\ (g
-z (1—

T e ;:_) [p—x(p—n}a—be(p—x (p—1)] 1—xc (1—%) (a—bex)

where » = ¢,/c and AT = qyr/4X is the temperature drop in a fuel element having a uniform concentration
distribution (¢y = ¢, =C). The range of the quantity » in Eq. (5) is found by solving the physically obvious

~inequalities 0 <c; =1 and 0 =¢, =1, from which it follows that

p—1/c 1/c
p—1}<u<{_p_ (6)
0 p—1 .

The problem of minimizing AT thus reduces to that of finding the minimum value of 8, a function of two in-
dependent dimensionless variables p and %, by means of variational calculations based on Eq. (5).

The calculated results show that in most cases of practical interest, a minimum AT may be achieved
without any fuel in the inner zone at all. This inner zone may be either filled with matrix material or left

~ empty (as a compensation volume for swelling and for collecting the gaseous fission products); the two

possibilities are equivalent insofar as the temperature distribution is concerned.

MECHANISM UNDERLYING RELEASE OF GASEOUS FISSION
FRAGMENTS FROM CERAMIC NUCLEAR FUEL

B. V. Samsonov and A. K. Frei UDC 621.039.572.034.584.343

The diffusion coefficient of gaseous figssion fragments in ceramic nuclear fuel apparently declines
when exposures as high as 10!? fission events per cm® are resorted to [1]. This fall-off is manifested in a

. decline in the yield of gaseous fission fragments, and is accounted for by the appearance of vacancy pores

in the intragrain crystalline structure during the irradiation process, with these pores then entrapping
atoms of the fragments migrating within the grains {2].

An attempt was made, on the basis of the experimental data shown plotted in Fig. 1, to determine the
concentration and dimensions of those pores.

Calculations show that there are always 3- 10!7 to 1019 free vacancy pores, 10 to 604 in diameter, per
cm? in ceramic fuel (whatever the shape of the fuel), starting with doses ~ 5+10'8 fissions per cm®. The
pores exhibit appreciable mobility and anneal out with an annealing constant ~4+107% sec™. A slight frac-
tion (~5%) of the pores constantly trap fission fragments appearing during the fission process, and these
become occupied pores, forming gas bubbles. The mobility of the gas bubbles is incommensurably slower
than the mobility of the free pores, so that the former disappear at a constant rate of ~107° sec™. The

Translated from Atomnaya Energiya, Vol. 31, No. 2, p. 1386, August, 1971. Original article sub-

- mitted July 10, 1970; abstract submitted March 16, 1971.
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mean migration life of atoms of gaseous fission fragments before they impinge upon free pores is 100 sec.
The distance separating free pores is in the 50-500 A range.

Increased swelling, estimated to be 0.20% per each 102 figgsion events per cm?, is attributed to a
buildup of these gas bubbles in the intragrain structure of the fuel. This state of affairs comes about at
temperatures to ~1500°C, and seems to continue so long as the crystalline structure is maintained.

LITERATURE CITED

1.  B.V.Samsonov and A. K. Frei, At. Energ., 30, 358 (1971).
2. B. V. Samsonov and A. K. Frei, At. Tekh. za Rubezhom, No. 8, 31 (1970).

FLUORINATION KINETICS OF Nb,O;
Rakov, D.’'S. Kopchikhin, UDC 66.094.402

E.
B. Sudarikov, and B. V. Gromov

G.
-N.

Niobium is one of the principal materials going into the fabrication of fuel elements [1], and moreove
it is a frequently occurring fission fragment element. The behavior of niobium in fluorination processes
is consequently of no mean practical interest.

The kinetics of the interaction of pure powdery a-Nb,O; and NbO,F with elemental fluorine was stud-
ied by a gravimetric method over the temperature range 330-430°C. The experiments were conducted with
Nb,O; specimens exhibiting a specific surface area 3.45 m?/g and particle sizes about 50 u (but 3.11 m?/g
and 40-50 yu respectively in the case of NbO,F) under conditions eliminating any effect of out-diffusion slow

- ing~down on the process rate.

It was demonstrated, with the aid of chemical analysis and x-ray phase analysis, that two consecutive

reactions occur in the fluorination of NbyOs:

Nby0; 4-F, — 2NbO,F -1/20,;
NbO,F - 2F, — NbFj - 0,,

with the rate of the first reaction being much faster than the rate of the second, and the second acting as
the rate-limiting process on the whole. The kinetics of the latter reaction are described by the equation:

~

Translated from Atomnaya Energiya, Vol. 31, No. 2, p. 137, August, 1971. Original article sub-
mitted October 12, 1970,
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«1_(1_a)1/3= Kle“E/RTp"r,

where ¢ is the degree of reaction response to the time 7, in min; E =26.2 + 2.2 kcal/mole is the apparent
energy of activation; n = 0,97 + 0.08 is the order of the reaction with respect to fluorine; p is the pressure
exerted by the fluorine, in atm; k; = 5.00-107 min™!-atm™! is the preexponential factor.

The NbO,F isolated from aqueous solutions behaves in-a somewhat different fashion. Its fluorination
rate is expressed by the equation

Ig [a/(1— @)l = ke HRT pr,

where E =26.4 + 2.2 kcal/mole; n = 0.88 + 0.07; k, =1.74-10 min™-atm™. The slight discrepancy be-
tween the kinetic data for NbO,F samples obtained by fluorinating Nb,O5 and those isolated from aqueous
solutions seems to be due to differences in the amount of specific surface area and in the structure of the
particles.-

Calculations based on the theory of absolute reaction rates enabled us to find that the experimental
fluorination rate of Nb,Oy at 350°C corresponds to the greatest extent to the theoretically predicted fluori-
nation rate in two instances: 1) when the assumption that the reaction is limited by fluorine adsorption with
the formation of a fixed layer of adsorbate holds; 2) when the assumption that the process is governed by
the monomolecular reaction between the oxide (oxofluoride) and the fluorine holds.

The picture of the interaction becomes more complicated when elemental fluorine is applied to a
mixture of U30y and Nb,O; than when the individual oxides are fluorinated. Using the necessary auxiliary
data from the literature [2-4], we see readily that the heats of the reactions:

5UFgg +2Nb;05 ¢r > 4NbF3g +5U0:Facr:
UFsg +2Nby05 cr —> 4NbO5Fcr-+UOsFs o

amount to —31.4 kecal/mole and -—55.4 keal/mole, respectively, at 298°K, which allows us to infer negative
values of the isobaric —isothermic potential. This means that it will be predominantly niobium that is re-
moved with the gases at the commencement of the fluorination process, when comparable initial quantities
of uranium oxides and niobium oxides are present.

LITERATURE CITED
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OPERATION OF THE FACILITY FOR DEEP BURIAL OF
LIQUID RADIOACTIVE WASTES '

V. F. Bagretsov, S. I. Zakharo{r, UDC 621.039.717
and S. V. Metal'nikov ; g

The preliminary results of the operation of a test-industrial facility for the disposal of deactivated
radioactive solutions in deep formations of the earth were communicated in 1967.* An analysis of the per-
formance of the facility during the period 1967-1969 shows that the initial solutions before burial can be

*See 8.I. Zakharov et al., in: Disposal of Radioactive Wastes into the Ground, Vienna, IEAE (1967), p. 577.

Translated from Atomnaya I:Inergiya, Vol. 31, No. 2, pp. 137-138, August, 1971, Original article
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prepared accordingto one of the following schemes: filtration,lowering of pHto 6-7; anincreaseofpHto11.5,
setting, filtration, and lowering pH to 6-7; addition of 3.0 mg-eq /liter cal¢ium, an increase of pHto 11.5, setting,
filtration, and lowering pH to 6~7; for solutions with a high content of surface-active substances (SAS) it is
necessary to add, besides calcium, magnesium (up to 1.5 mg-eq/liter). The last scheme was not used in
1969, since the content of SAS was reduced by a factor of two to three in comparison with the initial period.
Accordingly, in 1969 the specific expenditure of reagents (acid from 48 to 10.4 g-eq/m?, calcium from 3.15
to 1.5 g-eq/m?) and the quantity of pulp assigned for storage in bulk decreased in 1969 in comparison with
1966.

The main equipment in the facility except the filters, which were cemented by suspensions after six
to seven months of operation, functioned normally all these years. For restoring the filtering capability .
of the charge it was necessary to regenerate the filters with 5% nitric acid solution (consumption of acid
5 m? per 1 m?® sand) twice a year.

After the disposal of 290 thousand m? solutions the pressure at the mouth of the hold reached 57 atm )
while its pickup was probably caused by hydrodynamic factors as well as by silting of the end face zone by
soft particles left in the solution. :

The most efficient method for controlling the extension of solutions disposed in a reservoir is y-log=
ging in observational holes. This method cannot be recommended as yet for a qualitative estimate of the
filling of the reservoir due to the variability of the specific radioactivity and the radiochemical composition
of the disposed solutions. Observations show that the solutions extended from the blower hole to 500-600
m in northwest and southeast directions. A radiochemical analysis of samples of stratified water showed
that its activity is mainly due to Sr%, Cs!37, and Rul®,

AN ELECTROCHEMICAL METHOD OF DETERMINING THE .
RADIATION DOSE RATE

G. Z. Gochaliev and S. I. Borisova : UDC 539.12.08
A new type of electrochemical dosimeter has been proposed for the determination of the radiation

dose rate according to the currents of electrochemical oxidation or reduction of radiolysis products (RP); :
In comparison with known samples [1], these detectors possess the following advantages: a larger range

of measurements of the dose rate, smaller range with hardness, possibility of use with any type of radia- : '

tion, The operating principle consists of the fact that in continuous electrochemical oxidation or reduction’
of RP in a limited volume of solution, some time after the beginning of irradiation, a stationary distribution
of the concentration is established, and, consequently, a stationary distribution of the ionization currents

of the RP. The stationary currents increase as a linear function of the rate of formation of RP or the dose
rate.

Detectors suitable for the determination of the dose rate of soft radiation take the form of cuvettes
opened from above, filled with the working solution. The indicator electrode is fastened to the bottom of
the cuvette and has an opening opposite the tube soldered to the bottom of the cuvette, communicating with
the auxiliary electrode. Detectors in which the working volume of the solution is included in a capillary
electrode of platinum were investigated in detail. Diameter of the electrode 2.2 mm, wall thickness 20 u. .
The working volume was equal to 0.11 cm?®, and when necessary it could be reduced severalfold. The elec~

trode was welded to the inner surface of a glass tube, sealed from below. At the other end of the electrode,

the tube has a partition separating the working volume from the auxiliary electrode. A mercury sulfate

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 138-139, August, 1971. Original article
- submitted May 20, 1970; abstract submitted April 7, 1971.
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electrode served as the reference electrode and simultaneously as the auxiliary electrode. The method of
determination of the currents was analogous to that described in [1]. The stationary distribution of the con-
centration and the stationary currents are described by the following equations:

_ qre ( r2 2D ) .
CO=p\!'"m+7%)
Je=nFqu,

where q is the rate of formation of RP; r; is the radius of the capillary; r is the distance from the axis of
the cylinder; D is the diffusion coefficient; k is the formal rate constant of the electrode reaction; v is the
working volume; F is Faraday's number; n is the number of electrons in the electrode reaction.

Figure 1 presents the dependence of the currents of the oxidation of H, and H,O, on platinum at a po-
tential 1.1 V (with respect to the hydrogen electrode) on the dose rate of the y~-radiation of Co% (straight
line 1) and the reactor power (straight lines 2, 3, and 4). Straight lines 1 and 2 were obtained in 0.5 M
H,50y, 3 in 0.5 M H,SO, with an addition of 0.5 M natural Li,SOy, 4 in 0.5 M H,SO, with an addition of 0.1 M
H3BO;, up to 80% enriched with the isotope BLY.
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‘DETERMINATION OF THE SPECIFIC ACTIVITY OF
y-EMITTING ISOTOPES IN EXTENDED SOURCES
WITHOUT SAMPLE COLLECTION

V. I. Polyakov and Yu. V. Chechetkin 7 UDC 539.122.164:539.16.08

Approximate analytical expressions for calculating the relative photoefficiencyt of the recording by
a scintillation y-spectrometer with a collimator in the determination of the specific activity of isotopes in
sources with simple configurations (point, line, plane, plate) of volume and surface cylindrical sources are
considered. Thus, for cylindrical sources

Wki nad

= Iple “—e-"P(—%R)l exp (—jut) [1—!— TARRT Yy ,Lz then h< bg,~ ﬂ, (1)
o= T 11 —oxp (20 oxp (— ) [‘+—3V*g—f+%]when b> o~ L &)
£§1=E¢?sza [1+exp (—2usR)] exp (— 1) [H—p AR 2“thenlz<bgr 2—1’5, (3)
ssz_ewk)z;tZR[l—l-exp(——ms R)) exp —ptz)[H- xVbL_I_ 2bLthenb> bgrﬁ,?‘ii, (4)

where s{,-, s§ are the relative photoefficiency of registration by a scintillation y-spectrometer with colli-
mator of the radiation of volume and surface cylindrical sources, respectively; € is the photoefficiency

of registration of a crystal for a narrowly collimated beam of y-quanta; b is the distance from the source
to the erystals; 2a and L are the diameter and length of the collimator, respectively; 2R and t are the di-
ameter of the cylindrical source and thickness of the wall, respectively; k is a coefficient considering the
nonuniformity of the flux from the cylindrical source through the collimator, k; ® 1, k, ~ 0.85 (experimen-

tal values); pug, yi, pg are the coefficients of absorption of y-quanta in the source, shield, and walls of the
collimator, respectively. :

For an experimental verification of the possibility of using expressions (1)-(4), we used volume cy-
lindrical sources filled with an aqueous solution of a radioactive isotope, and surface cylindrical sources
with self-absorption in water and without it, crystals of NaI(T1) with dimensions 70 x 70 and 40 x 40 mm,
and collimators 150 and 250 mm long, 5, 10, 20, and 50 mim in diameter. For the entire range of y-quan-
tum energies considered (0.1-1.5 MeV), distances (25-170 cm), dimensions of sources (diameter 16-255
mm), and collimators, the deviation of the experimental points from the calculated values of the relative
photoefficiency of recording lies within the limits of the experimental errors and comprises 10-15%; only
atb = bgr does the error increase to 40%.

, The value of the minimum- measurable specific activity of the isotopes is 10”7 Ci/liter for volume
cylindrical sources and 10~? Ci/em? for surface cylindrical sources. The method of measurement was

used to determine the activity of a coolant and to analyze deviations in the circuit of an atomic electric
power plant.

TThe relative photoefficiency of recording of the radiation of a detector with a collimator is the rate of
count of pulses at the peak of total absorption from the source of a unit volume (surface, linear) specific
activity.

Translated from Atomnaya F]nergiya, Vol. 31, No. 2, p. 139, August, 1971. Original article sub-
mitted October 12, 1970.
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PORTABLE NEUTRON-IRRADIATION APPARATUS?Y

V. K. Andreev, B. G. Egiazarov, , UDC 542.1:541.28
L. A. Korytko, and Yu. P. Sel'dyakov

A portable pulsed neutron-irradiation apparatus is described which can carry out the following tasks
in the case of natural rock formations: 1) spectrometry of the natural y-radiation, 2) spectrometry of the
y-radiation from inelastic scattering of fast neutrons (ISFN), 3) spectrometry of the y~radiation from the
radiative capture of neutrons (GRCN), 4) measurement of the temporal distribution of captured y-radiation,
and 5) spectrometry of the induced-activity y-radiation (IAG) in two situations — during and after irradia-
tion of the medium by means of a pulsed neutron source (for relatively short-lived isotopes). Figure 1 il-
lustrates the operation of the apparatus.

The apparatus consists of a remote unit containing a pulsed neutron source and a scintillation detec-
tor, a control and synchronization unit, and a recording device (a pulse analyzer).

The pulse neutron source provides-a neutron output
of up to 107 neutrons/sec at a pulse repetition frequency of
Neutron pulses 500-10,000 Hz, and apulselength of 5-10 usec. The neutron

source may operate continuously.
@ . % \% t The control and synchronization unit detects y-radiation
[P C.
7 %

during specified time intervals and synchronizes the operation
of the apparatus at the various stages of the measurement.
Amplitude-to-time pulse analyzers may be used as recorders.

Z 4

The apparatus weighs about 12kg (without the recorder).

ToRON '% ?g 1 . It draws no more than 20 W. The remote unit is 110 mm in
- e : diameter and 1300 mm long.
% % % ‘
.-////////////4 ! The complete article contains experimental results
JMeasurement of natural and induced activity3 ¢ illustrating the operation of the apparatus and its capabili-

-ties for directly determining the coal content (with a bore
model) and the content of the basic rock-forming elements.

The results of measurements with a semiconductor y-detec-
Fig. 1. Operation of the apparatus. tor are also reported.

P22 Gate closed
[ Gate open

MEASUREMENT OF BEAM PARAMETERS FOR o-PARTICLES
EXTRACTED FROM THE JINR* HEAVY-ION 2 METER
ISOCHRONOUS CYCLOTRON}

V. §. Alfeev, E. D. Vorob'ev, ' UDC 621.384.02
G. N. Zorin, and Yu. I. Kharitonov ‘

In this study the energy of o-particles was measured ﬁsing Rutherford scattering on a thin gold foil
(0.25 p) at an angle of 20° 1.s. (laboratory system), since in this region of angles for the Au'® (e, @) reaction

*Joint Institute for Nuclear Research.

tTranslated from Atomnaya Energiya, Vol. 31, No. 2, p. 140, August, 1971. Original article sub-
mitted November 9, 1970.

i{Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 140-141, August, 1971. Originalv article
submitted October 12, 1970. . )
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channel, the cross section of elastic scattering of a-particles in the energy range of 30-40 MeV exceeds
the cross sections of inelastic processes by several orders of magnitude. The beam, with a geometric
radius of 860 mm, was extracted from the JINR U-200 cyclotron using a charge-exchange technique {1].

To detect the a-particles a semiconductor surface barrier detector with a 27 mm? cross section was
used, which is made from high resistivity silicon and which has certain advantages over a Li-drifted detec-
tor [2]. The detector was situated at a 45° angle 1.s, relative to the scattered beam, and at a bias of 300 V
provided a sensitive layer of ~800 u, corresponding to the mean free path of w-particles with an energy of
~45 MeV. At 200 V bias on the detector the resolution was equal to 20 keV for a known a-line from Am?4l
(5.482 MeV).

After the removal of the spectrum of scattered a-particles, the scale of the 1024 channel analyzer |
was determined by a precision pulse generator which was calibrated at the known a-lines from Po?!? (8,776 !
MeV) and Po?!® (6.774 MeV).

The measured energy of o-particles extracted from the U-200 is equal to (36.5 + 1.0) MeV, and the
degree of monochromatism of the @-beam, allowing for the inherent resolution of this procedure, is equal
to (350 + 50) keV, which is 1% of the heam energy (see Fig. 1).

It has been established that one of the basic contributions to resolution is the instability of the high-
frequency voltage on the dees of the cyclotron.

As a check on the measurements, a stack of aluminum foils with a common density of (100 + 4) mg
/cm? was introduced. The thickness of each foil was 6 u. The energy of the a-particles after the absorber
was equal to 17.5 MeV, which corresponds to an energy of primary a-particles of (36.0 + 1.4) MeV [3].

The energy measurement by means of absorbers agrees well within the limits of error with the mea-
surements by the precision pulse generator.
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METHOD OF MEASURING (p, n)-THRESHOLDS FOR THE
STUDY OF ACCELERATOR BEAM ANALYZING SYSTEMS

M. I. Afanas'ev, A. L. Bortnyanskii, UDC 621.384.6
and A. I. Graevskii

A system is proposed for automatically recording the yield of nuclear reactions. The energy of the
incident particles is changed by modulating the potential on the target. A sawtooth voltage on the target is
obtained by means of its charge through capacitive coupling to the beam current and its rapid discharging
using a high-voltage relay. As the potential increases, the channels of a pulse-height analyzer are shifted
by a current integrator. The yield of the nuclear reaction is registered in the memory of the analyzer
synchronously with the increase of the target potential. The analyzer operates in a multi-channel accumu-
lator mode.

A cassette of boron counters in a paraffin moderator was used as a neutron detector. The construc-
tion of the chamber permits the detection of the total neutron yield in a cone with an opening angle of 90°;
at the same time, the generating cone does not touch the metallic components, which makes it possible to
detect all neutrons in the reaction Al%'(p, n)Si*? in the range ~8 keV above the threshold.

Small leakages in the chamber insulation (5-1072 A) permit operation with beam currents up to 1072 A
without significant distortions in the form of the excitation function,

A curve is cited to illustrate the relative neutron yield in the A1%%(p, n)Si?? reaction in the vicinity of
the threshold. The scanning range of the target potential is 25 kV.

With the same target chamber insulation, measurements may be taken in an energy range two times
greater, by charging the target negatively beforehand. In this case the target potential will increase to
zero, and then to the previously given maximum positive potential. The apparatus described permits mea-
surements in the bipolar scanning mode of the target potential. At the same time, before the beginning of
each cycle the high-voltage relay connects the target to a rectifier, at the output of which the specific volt
age is established. _ : '

The excitation function of the C!3(p, n)N!3 reaction near the threshold is presented, which was obtained
in the bipolar scanning mode. The scanning amplitude is 25 kV.

Translated from Atomnaya Energiya, Vol. 31, No. 2, p. 141, August, 1971. Original article sub-
mitted November 9, 1970. '

. 853

Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2




Declassified and Approved For Release 2013/02/26 . CIA-RDP10-02196R000300090001-2
LETTERS TO THE EDITOR

EXPANDED CAPACITY RADIATION LOOP AT THE
IRT NUCLEAR REACTOR IN TBILISI

G. I. Kiknadze, E. L. Androndikashvili, UDC 621.039.573
V. 8 Bedvenov, I. A. Gassiev, G. V. Zakomornyi,

D. M. Zakharov, B. I. Litvinov, R. B. Lyudvigov,

L. O. Mkrtichyan, I. A. Natalenko, and L. I. Feltdman

The first immersion type RK-P indium —gallium radiation loop was commissioned in 1963 at the nu-
clear reactor of the Institute of Physics of the Academy of Sciences of the Georgian SSR [1]. In ~30,000h
of steady operation, this facility demonstrated excellent reliability and ease of operation [2].

The radiation loop was dismantled in 1967 while the re-:
actor was being rebuilt. The entire dismantling operation
took 5-6 h. The radiation environment presented no serious °
hazard to the personnel engaged in the dismantling operation. -

After the reactor had been rebuilt and its power output
had heen brought up to 4-5 MW [3-5], construction work was
begun on a modernized RK-PM radiation loop, installation of
which was based on the same design principles.

The new radiation loop was built by the end of 1968 and-
was brought up-to rated irradiation conditions in January, :
1969. The y-radiation carrier in this renovated facility was
again a binary indium —gallium alloy of eutectic concentration
[6]. Contact between the alloy and oxygen present in the at-
mosphere was prevented by a protective blanket of inert gas.

b

\l\__ — ]

The layout of the facility is shown in Fig. 1, and a gen-
§ eral view of the facility appears in Fig. 2. The components
\ of the facility are combined in the following four principal
structural units.

1. The activity generator, comprising a four-layer sys-
tem of branching slotted channels 3 mm thick and with trans-
verse dimensions 410 + 500 mm, joined by common collectors
(Fig. 3). The layers are separated by graphite slugs 40 mm .
thick. The casing of the generator and the slotted channels
are made of titanium. '

The choice of that design reflected the possibility of

Fig. 1. Basiclayout of the RK-PM radia- more complete util%zation of leakage neutrons from the re-
tion loop facility: 1) activity generator; actor, and the pos'sxbility of increasing the neutron self-shield-
2) overflow tank; 3,10) float level gages; ing factqr in multilayered systems [7, 8].

4,9) globe valves; 5) electromagneticin- The total volume of the alloy present in the activity
duction pump; 6) electromagnetic flow- generator is 2.6 liters. Two resistance thermometers were
meter; 7,8) large irradiator and small installed in the top and central parts of the activity generator,
irradiator; 11) gas holder. in titanium wells sunk in the graphite slugs.

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 143-145, August, 1971. Original article
submitted August 6, 1970.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

854

Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2




Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2

6,660

L -

LS
=—re=r

)

| l—5

3660|]

Fig. 2. General view of the RK-PM radiation loop: 1) activity
generator; 2) tray under activity generator; 3) underwater
chamber; 4) tray withirradiator; 5) tubular girder; 6) central
channel of large irradiator; 7) central channel of small irra-
diator; 8,9) process channels; 10) channel for electrical cable
and drain valve control switch; 11) channel for irradiator globe
valves control switch; 12) topside support area; A) water level;
B) irradiator positioning level.

A protective pan made of 1Kh18N9T steel is placed under the activity generator and under the feed
piping, to help cope with any alloy leakage emergency.

2. The underwater chamber, made of 1Kh18N9T steel, is shaped as a cylinder 520 mm in diameter
and 800 mm in height. An electromagnetic linear induction pump and a magnetic flowmeter completely .
identical to the ones used earlier in the RK-P radiation loop are installed inside the chamber. Also located
there are the overflow tank of 15 liters capacity, also made of 1Kh18N9T steel, and provided with a float
level gage with a differential-transformer type sensor. The working recorded travel of the sensor float )
(50 mm) monitors the top half of the tank capacity, and aids in checking on how completely the y-ray carrier
is drained from the loop piping. A stop valve, also located in the underwater chamber, is used to control
overflow. ‘
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540 . 3. The system of two irradiators, the stop valves serv-
ing them, and the float level gage are mounted on a rigid tray
y s r which is coupled to the bottom of the facility by four standpipes.
— “)\ These standpipes function simultaneously as process lines
[T 1 through which loop piping, electrical cableware, and the remote

. ~\\2 control switch for the globe valves pass. The irradiators are
$ i =9 \3 fabricated in the form of hollow cylinders with the alloy flow- "

N \4 ing along a helical track between them. The globe valves make
o - it possible to switch either of the irradiators, or both simul-
g 5 taneously, into the circulation system. The irradiators are

equipped with central and peripheral channels to facilitate ir-
radiation exposures in a field of pure y-radiation and dosi-
metric monitoring of the y-emission dose rate of the facility.

The float level gage located at the uppermost point of the
circulating system makes it possible to measure the amount of
y-ray carrier present in the system, and to reliably record
cases of accidental leakage of alloy with a sensitivity of 20 cm3.

Fig. 3. Activity generator for RK-PM

radiation loop: 1)top collector; 2) graph- » 4. The top support area with the pipe-suspension system,
ite slug; 3) slotted channel; 4) mounting  forming a rigid girder truss connecting all the units enumer-
bracket for generator; 5) reference ad- ated above in a single structure is shown in Fig. 2. The chan-
justing screw; 6) tray. nels of the irradiators in the irradiation loop, and the channels

for the remote control switches actuating the globe valves, are
mounted on the top support platform. A system of control adjustment screws on the support platform makes
it possible to adjust the activity generator with premsmn relative to the boundary of the IRT reactor core

(9.

The loop control panel is in the form of a memory panel, giving the operating personnel up-to-the-
minute information on the performance of the facility.

The instruments mounted on the control panel take care of monitoring the temperature in the activity
generator and in the channel for the induction pump, the level of the indium —gallium alloy in the circulating
system and in the overflow tank, currents flowing through the windings of the induction pump, the flowrate
of y-ray carrier as it circulates through the system, and the dose rate in the two irradiators.

The emergency and alarm annunciation system (which is transistorized) rings an audible alarm 31g'na1
and switches on the appropriate alarm bulb on the memory panel of the loop in the event the temperature
rises, the flowrate declines, there is leakage of inert gas, the pump malfunctions or shuts off, or the fill
level of the alloy declines.

The dose rate of y-radiation at the center of the loop's large irradiator is ~ 400 r/sec; that at the
center of the loop's small irradiator is ~500 r/sec, for each MW of reactor power output when the two ir-
radiators are operating simultaneously.

When the large irradiator is shut off, the dose rate in the small irradiator is = 850 r/sec for each
- MW of reactor power output. The y-equivalent of the arrangement is 60,000 g-eq Ra per megawatt. The
operating flowrate of the y-ray carrier is ~ 7 cm3/sec, the duration of a single alloy circulation period is
30 min. The temperature of the y-ray carrier attains its peak in the activity generator, specifically 63°C
when the reactor output is at 1 MW, and 155°C when the reactor output is at 4 MW, The total volume of
y-ray carrier is 13.1 liters, of which 2.6 liters are present in the activity generator, as indicated earlier,
7.5 liters are present in the large irradiator, 2.5 liters in the small irradiator, and 0.5 liters in the piping.

The peak radiation power output of the RK-PM facility, attained when the thermal power output of the
IRT reactor is 5000 MW, was 300,000 g-eq Ra.

The RK-PM radiation loop differs from its precursor not only in the s1gn1f1cant increase in radiation
dose rate, but also in terms of compactness and ease of assembly. A five-man team carried out the rigging
and assembly work for the whole facility in the reactor vessel within eight hours.

A large number of exposures have already been performed in the channels of the RK-PM radiation
loop in pilot production and research work. The commissioning of this radiation loop has expanded the ex-
perimental capabilities of the reactor facility considerably. Radiation loops of this type can be constructed
with ease at any existing pool type reactor facility.
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FABRICATION OF LIQUID-METAL WORKING
MATERIALS FOR RADIATION LOOPS

G. I. Kiknadze, D. M. Zakharov, UDC 621.039.573.669.87
R. B. Lyudvigov, and L. I. Feltdman

The fabrication of liquid-metal y-ray carriers,for example, indium —gallium or indium —gallium —tin
alloys, is one of the principal problems in the design of radiation loops. In each specific case, the proce-
dure followed in the fabrication of these materials may differ in certain technological features of the pro-
cess, but the following general rules do have to be observed consistently in each instance.

1. Structural materials of high stability to attack by the liquid-metal environment must be used in
the melting facility, and most particularly in the piping and parts coming into direct contact with the liquid
y-ray carrier.

This requirement pursues the aim of eliminating any possibility of the y-ray carrier being contami-~
nated by extraneous elements (as a result of possible dissolution of the structural material in the alloy) or
by interaction products forming on the interface between the structural material and the melt. Quartz or
titanium single-phase and two~phase alloys (such as VT1-1, VT -6, etc.) can be recommended as suitable
structural materials in these applications. The use of titanium is preferred for technological reasons. It
would also be desirable to carry out a preliminary passivation of the titanium in air at temperatures 550-
570°C for 100 to 150 h. This treatment leads to the formation of a TiQ, oxide film on the surface of the
titanium, thereby preventing any interaction between the titanium and the indium —gallium alloy [1, 2].

2. A special degassing of the metals comprising the charge to the y-ray carrier is required, during
the meltdown and in heating to the specified temperature.

This requirement pursues the aim of lowering the oxygen content and lowering the content of other
gases dissolved in the original metals, and also of removing (at least partially) any volatile gallium oxides
or indium oxides that may be present. The degassing process must be carried out gradually, by pumping
out the vapor phase from the melting vessel into which the charge has been introduced previously, down to
a residual pressure of 107 to 10™ mm Hg over the entire period that the metals are being melted down and"
heated to the specified temperature. The heating rate is 1.5-2 deg/min.

3. Special attention must be given to isothermal holding of the melt for several hours with bubbling of
the inert gas through the melt. The isothermal holding temperature must not be higher than 500°C, and in
case titanium is used as the structural material the maximum heating temperature must be lowered to
300°C. Bubbling with inert gas (helium best of all) makes it possible to: a) carefully mix the components
of the melt by mechanical means; b) bring the oxide phase present in the bulk of the liquid y-carrier in the
suspended state to the surface of the melt. ’

Isothermal holding of the liquid phase promotes an equalization of the concentration of the components
of the y-ray carrier throughout the bulk of the melt through intensification of the diffusion processes at
work. It should be stressed that bubbling of inert gas through the melt may result in the formation of a
finely dispersed phase of black coloration (this means that gallium oxides and indium oxides, or gallium
alone, may turn up in the melt [3-5]), and this phase would be present in the suspended state throughout the
free space of the melting vessel, gradually settling on the walls and on the surface of the vessel as a "cap"
of oxides covering the melt.

Translated from Atomnaya Energiya, Vol. 31, No. 2, p. 146, August, 1971. Original article sub-
mitted August 6, 1970.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
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4. The next stage is cooling of the liquid-metal y-ray carrier to temperatures close to room tem-
perature, and careful filtration of the carrier.

The cooling rate is 2-3deg/min. The filtering system consists of an array of filters featuring a grad-
ual transition from rough clean-up to fine filtering. Stainless steel mesh combined with Petryanov fabric,
caprone fabric, and quartz shavings is suitable for filter aids; Schott filters and porous graphite can be
used for the fine filtration step. '

5. Periodic analysis of samples of the y-ray carriers for their content of basic components is ad-
vised.

Analysis of the y-ray carrier during the isothermal holding process and during the bubbling process
is particularly crucial. A constant level of the concentration of components of the y-ray carrier with time
is an objective indicator of the quality with which the alloy has been prepared, and can serve as a signal to
terminate the isothermic holding and bubbling steps. Analysis of the y-ray carrier for the content of the
bagic componerits is also required before the radiation loop is filled with alloy (after the y-ray carrier has
been through the filtering system). This makes it possible to secure reliable information on the composi-
tion of the y-ray carrier fulfilling the functions of a working fluid for the radiation circulation loop.

6. The entire complex of operations involved in preparing the 'y—ré.y carrier and in filling the radia-

" tion loop with it must be carried out in the strict absence of any contact between the alloy and oxygen in the

air, or moisture.

This stresses the necessity of monitoring the oxygen content and moisture content in an inert gas,
and where the need arises taking measures to purify the inert gas. Traces of moisture must be removed
from the piping and from the various units involved in the preparation of the alloy.

The principles formulated here were arrived at in the course of work done at the Institute of Physics
of the Academy of Sciences of the Georgian SSR [6], and can be considered a basis for the design of equip-
ment intended to prepare large batches of alloy for industrial-scale radiation loops.

The .authors express their sincere thanks to B. I. Litvinov for his highly appreciated participation in
the design and operation of the facilities for preparing the liquid-metal y-ray carrier.

LITERATURE CITED

L. S. Moroz et al., Titanium and Titanium Alloys [in Russian], Vol. 1, Sudpromgiz, Leningrad (1960).
G. 1. Kiknadze, D. M. Zakharov, and L. V. Melmikova, At. ﬁnerg., 19, 177 (1965).

M. Robert, Compt. Rend., 5, 51 (1964). o

A. G. Godzhello, Trudy Mosk. Energ. Inst., No. 5, 354 (1964).

S. P. Yatsenko, G. N. Perel'shtein, and D. V. Lokshin, Trudy Inst. Khimii, Ural'skii Filial Akad. Nauk
SSSR, No. 18, Sverdlovsk (1968).

6. I G.Kiknadze et al., At. Energ., 19, 176 (1965).

UID'PS»DND-‘

859

Declassified and Approved For Release 2013/02/26 CIA-RDP10-02196R000300090001-2



Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2

PNEUMATIC IRRADIATION CHANNEL RELOADING
SYSTEM FOR THE IRT-M REACTOR

T. 8. Ambardanishvili, G. V. Zakomornyi, UDC 621.039.5:621.,54 |
G. D. Kiasashvili, G. I. Kiknadze, w
B. I. Litvinov, L. O. Mkrtichyan,

and A. M. Uvarov

The pneumatic reloading system for the vertical channels of the IRT-M reactor in Thilisi incorporates )
the following principal components (Fig. 2).

1. The specimen irradiation channel located in the core or in the reflector is an array of two coaxial
tubes of 1IKh18NOT steel, 38 mm and 57 mm in diameters, wall thickness 2 mm and 2.5 mm, respectively.
At the blind end of the inner tube in the channel is mounted a special valve normally closed when the channel
is being loaded and open under the pressure of the working gas when the channel is being unloaded. This

Fig. 1. Irradiation channel: 1) bottom;

Ay 2, 3) inserts; 4) channel inner tube; 5)
I //?);)))A channel body; 6) distance spacer; 7)
; ] ) nut; 8) flange; 9) bolt; 10, 13, 17, 19)
washers; 11) pipe connection; 12) union
nut; 14) pipe connector; 15) pipe; 16)
travel stop; 18) valve.
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Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 147-150, August, 1971. Original article
submitted July 31, 1970. -
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Fig. 2. Pneumatic reloading system of vertical channels of IRT-M reactor:
1) specimen irradiation channel;- 2) main tube; 3) air tube; 4) distributor; 5)
sensor; 6) bypass valve; 7) motor; 8) charging device; 9) pneumatic valve;
10, 22) globe valves; 11) recess in reactor shielding; 12) reactor hot cave; 13)
receiving chamber in reactor hot cave; 14) hot cave for radiochemical labora-
tory; 15) receiver in hot cave of radiochemical laboratory; 16) receiver tank;
17, 18) pressure gages; 19) high pressure emergency controls; 20) compres-
sor; 21) decontamination unit.

valve also acts as a stop valve converting the channel into a pulsation-dampening volume to allow smooth
descent of the specimen during the loading operation. The layout of the channel is shown in Fig. 1.

When a specimen is being loaded into the channel, thé excess amount of working gas is dumped
through the bypass valve located between the feed line for the working gas and the pneumatic shuttle con—
veying channel. :

An electrical sensor records the entry of the specimen into the zone where it is expedited to the
vertical portion of the channel. This sensor then shuts off the system pumping the working gas which
transports the loaded specimen through the channel, and records the passage of the specimen in the appro-
priate cell of the memory panel.

2. The distributor (Fig. 3) is a device providing a combination of any of five channels reserved for
the pneumatic shuttle system at the IRT-M reactor in Tbilisi, and one of the three channels reserved for
loading of specimens, the path to the radiochemical laboratory, or the path to the operational hot cave in
the reactor building.
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Fig. 3. Distributor: 1) container duct to channels; 2) gasket; 3) hood; 4) elec-
trical microswitches; 5) combination channel; 6) five-groove Maltese cross; 7,
9, 17) gears; 8, 11, 18) driven gears; 10) insert; 12) loading line; 13) radio-
chemical laboratory line; 14) operational hot cave line; 15)half-body of container
duct; 16) electric power drive; 19) channel half-body.

The distributor thus consists of two parts kinematically linked with each other by a system of trans-
missions. '

The two parts of the distributor are brought into action by an electric power drive, with the aid of a
five-groove Maltese cross. The combination of the pneumatic shuttle channels and their mutual fixed posi-
tions is brought about by using a special sector of a driving disk. Teflon gasketing is used to provide seal-
ing between the five~channel and three-channel parts of the distributor.

The sensors for the combination of channels in the three-channel and five-channel parts of the dis-
tributor are microswitches included in the control circuitry of the electric drive. The electric power
drive, and with it the combination of channels on the two parts of the distributor, is stopped by a pro-
grammed matching of protrusions on the rotating parts with microswitches mounted on the frame of the
distributor.

The accuracy with which the reactor channel is matched to one of the three specimen-conveying chan-
nels is achieved by using the microswitch to shut off the power drive motor at the instant the Maltese cross
is engaged by the sector on the drive disk. The system transmitting motion from the five-channel part of
the distributor to the three-channel part is designed such that displacement of the five~-channel part by one
channel corresponds to displacement of the three-channel part by one channel also, so that the switchover
can be accomplished through the action of the same electric power drive.

The distributor is housed in a recess in the biological shield of the reactor, with pressuretight access
doors. This recess is hooked up to the special ventilation system (to evacuate the radioactive gas liber-

ated, when specimens are discharged, through possible clearances between the five-channel and three-chan-

nel parts).

3. The loading device, acting as a locking mechanism, is accommodated in the same recess in the
shield as the distributor. The working gas is fed during the loading operation through the action of electro-
magnetically actuated valves. The working gas exists from a receiver tank with tank pressure maintained
at set level by a compressor. The compressor motor is controlled by using an electrical contact pressure
gage which sets the upper and lower pressure limits in the receiver tank, The working pressure in the re-
ceiver tank is 4 atm. In case of emergency, there is a rescrve supply of working gas available in pressure
cylinders, which can be connected up to the receiver tank by opening globe valves.

862

Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2



Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2

A container for cohveying the specimen is made up of two thread~engaged parts made of aluminum or
plastic, and forms a cylinder with spherical ends. The diameter of the container is 32 mm, the length 65
mm, :

The pneumatic shuttle control system makes it possible to carry out the following operations:

1) combination of either of five channels in the core and the loading device, either with the discharge
lines leading to the radiochemical laboratory or with those leading to the operational hot cave;

2) loading of containers with the test specimens in the five channels;

3) discharge of containers with test specimens to the radiochemical laboratory or to the operatmnal
hot cave;

4) interlock against loading of more than one container into any one channel;

5) interlock of loading and unloading until the combining operation has been completed;

6) interlock of distributor motor starting until the end of the loading and unloading operation;
7) air pressure in receiver tank maintained within set range; '

8) loading and unloading interlocked when pressure in receiver tank falls below or rises above set
range;

9) annunciation of combining of channels for container reloading operations, lowering or raising pres-
sure in receiver tank, and also on movement of container through one of the three conveying lines, by
switching on appropriate light bulbs on the front panel of the control desk.

In addition, the pneumatic shuttle control system takes care of restoring the basic signals recorded
in the overall system memory, when the electrical power supplies are switched on again after being dis-
connected or deenergized accidentally.

Measures were taken to decrease the number of contacts and to decrease the amount of current flow~
ing through them, with the object of enhancing system reliability, and this was achieved through the use of
transistors and semiconductor diodes.

An indication of container loading into the irradiator channel is achieved thfough the use of a memory
cell in the pneumatic shuttle control system. A twin-coil polarized relay acts as the memory element.

When the container passes by the corresponding load sensor, the circuit supplying one of the relay
coils is broken, and the current flowing through the other coil then throws the yoke into the "loaded" posi-
tion. A green light bulb then goes out and a red bulb goes on on the control panel, and the corresponding
trangistor is driven to cutoff, thus interlocking any loading of a second container while the channel is "busy."

Electrical sensors feeding information on the progress of the container are located every ten meters
along the travel path. Signals from these sensors light up bulbs on the memory panel of the pneumatic
shuttle control system, making it possible to pinpoint the position of the container in the event of an acci-
dental shutdown.

It has been proposed to work out a completely noncontacting system using controlled valves, in the
future.

The control panel is made in the form of a memory block for the pneumatic shuttle system.

The receiver device placed in the hot receiving cave for reception and forwarding of specimens to the
radiochemical laboratory consists of two coaxial tubes (1Kh18N9T steel) 38 mm and 57 mm in diameter,
with respective wall thicknesses 2 mm and 2.5 mm. The valve for venting the conveying gas discharges
spent gas into the tube space as the container passes by, and the tube space communicates to the hot cave,
where the spent gas is drawn into the special ventilation system of the radiochemical laboratory. After the
valve has done its work, the vertical portion of the receiving channel becomes converted into a damping
volume which lowers the container down smoothly into the hot cave. The container falls into a spherical
trap with a swing-out flap cover, and is withdrawn from there by a remote-controlled manipulator.

The basic parameters of the pneumatic shuttle are: operating pressure when container is loaded in
0.5 atm, gas flowrate 20 liters, pressures of 1.0, 1.3, and 1.5 atm for discharge at respective speeds 2, 4
and 6 m/sec, average flowrate of conveying gas over a 100 meter stretch of piping: 310 liters.
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GAS EVOLUTION IN THE PRIMARY LOOP OF A
PRESSURIZED-WATER REACTOR WITH GAS
VOLUME COMPENSATORS

Yu. F. Bodnar' ' UDC 621.039.5:629.1

The conditions that guarantee that there will be no gas evolution in the primary loop of a pressurized-
water (water-cooled, water-moderated) reactor with gas volume compensators (VC) were considered in {1,
2].  The presented temperature dependence of the solubility of a gas in water for a constant total pressure
P, taking account of the vapor pressure Py of the water is correct for a heterogeneous gas —water system

[2].

In the primary loop, the only such system is the VC. In the articles indicated above, an estimate of
the solubility of the gas in the primary coolant, where there are no gas pockets, was also carried out taking
the vapor pressure of water into account. However, there is a basic difference between the concepts of gas
solubility in heterogeneous and in homogeneous systems. Therefore, the conclusions drawn concerning the
conditions for gas evolution in the primary loop are incorrect.

According to Henry's law, the solubility of a gas in water for given P; and T depends on the partial
pressure of the gas Py in the vapor —gas mixture above the level of the water, where, with increasing par-
tial pressure of the gas, its solubility in the water increases [3]. We thus expect that the maximal solu-
bility, for given parameters, will occur for Pg =Py, i.e., when there is no water vapor in the gas phase.
Such conditions are possible, e.g., because of the constant exchange of gas above the level of the water,

To confirm the above, we carried out the following experiment. Completely degasified water was
poured into an open container, and the temperature was kept at 100°C during the entire experiment — pre-
venting boiling. Measurement of the concentration of nitrogen in water over several hours showed that the
nitrogen content is equal to the solubility at 100°C and nitrogen partial pressure of 1 kgf/cm?, The experi-
ment was conducted at atmospheric pressure. The solubility of nitrogen at 100°C and atmospheric pres-

-gure, determined taking into account the partial pressure of the water vapor above the water level, was
equal to zero. No evolution of nitrogen within the volume of water was observed. ) »

P, kgf/cm?

200

Fig. 1. Temperature dependencies of

the partial pressure P and also of Pg

+ Py for C = const [all concentrations

are in liters per kilogram at normal
temperature and pressure (NTP)]: 1)

C=0; 2)C=1; 3)C=2; 4)C =3; 5)
C=5; 6)C="1. .

A

100

|
Tm pr
T,°C

Translated from Atomnaya ﬁ}nergiya, Vol. 31, No. 2, pp. 150-151, August, 1971. Original article
submitted August 3, 1970; revision submitted November 11, 1970,
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Hence it follows that the solubility of a gas in a homogeneous system Cy o, equals the solubility of
the gas in a heterogeneous system Cp gt determined for the condition that the partial pressure of the gas
above the water level equals the total pressure.

Thus, there should be no evolution of gas bubbles in a homogeneous system for concentration of the
gas in water less than Cyqp,- Especially because the formation of centers in the gas phase is limited, for
a radius of curvature of the bubble surface less than 10~° cm, the pressure inside them noticeably increases
because of the surface-tension forces [4].

The gas concentration in the primary coolant has a definite steady-state value for constant pressure
and constant temperature in the VC [2]. Therefore, in order to determine the conditions for gas evolution
in the primary loop, it is more convenient to use the temperature dependence of the gas partial pressure
for constant gas concentration in water C.

The temperature dependence of the nitrogen partial pressure calculated according to the data of [5,
6] is shown by the continuous lines in Fig. 1. The partial pressure of nitrogen decreases with increasing
temperature.

The dot-dash lines show the temperature dependence of the total pressure of the vapor —gas mixture
for an equilibrium distribution of gas in the heterogeneous gas —water system at a constant nitrogen con-
centration in water. The curves have a minimum, which, with increasing nitrogen concentration in water,
shifts toward higher temperatures.

The condition for the formation of a gas phase within the water volume is Pg > Py. For a hetero-
geneous gas —water system, gas will evolve when Pg + Py > Py.

For a known temperature Ty in the VC and pressure Py, the nitrogen concentration C, in the water
found in the VC, and hence also in the primary coolant, is determined from curve A, since for a hetero-
geneous gas —water system, the ‘condition Py + Py =P is satisfied. The dependence of the nitrogen partial
pressure Pg on the temperature, for a mtrogen concentratlon in water C,, is represented by curve B.

From Fig. 1 it follows that evolution of nitrogen inside the volume of water is possible only for Ty;
< Tynin, where T is the temperature of the coolant in the first (primary) loop. Note that Tyin < Tvc.
For artificial introduction of gas into a homogeneous volume or local boiling of the coolant, a heterogene-
ous system forms. The conditions for evolution of nitrogen from the water are Ty; < Tyg and Ty; > T,
where Ty, is the maximal temperature characterizing the equilibrium state of the heterogeneous system,
for a nitrogen concentration in water C; and specified parameters. In the temperature range Tyc < Ty;
< Tm, the gas in the gas pocket that was formed earlier will go into solution.

It follows that when there is dissolved gas in the water, the boiling point decreases somewhat. When
the water boils, the gas that was dissolved in it produces a definite partial pressure P,, in the volume of
vapor that forms. We also have that the pressure of the water vapor is P,y = Py—P,;. Hence, the water
will boil at the temperature T,g that corresponds to the saturation state for pressure Pyy.

The decrease in boiling point AT = Tg—T,g, where Tg is the boiling point of pure water at pressure
Py, was calculated for various nitrogen concentrations in water at pressures 100 and 170 kgf/cm?. The
results can be represented by

AT 499=0.090C, °C;
AT 19=0.133C, °C,

where C is the concentration of nitrogen in water (liters per kilogram at NTP).

Thus, the condition for the absence of gas evolution in the primary loop of a pressurized-water re-
actor with gas volume compensators is the maintenance of a temperature in the VC lower than the maximal
temperature that is feasible in the primary coolant; also, a temperature regime must be observed that en-
sures that there will be no local boiling of the water. In order to dissolve the vapor —gas pockets that were
formed earlier, it is necessary to reduce the temperature in the loop for a short time down to a value slightly
less than Tyy,.
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EFFECT OF REACTOR ON CORROSION CRACKING
, OF ALLOY AMg6M

Kh. B. Krast and A. V. Byalobzheskii UDC 621.039

It is well known that the hardness and brittleness of metals increase under the influence of reactor
radiation as a result of increased internal stresses [1]. At the same time it was shown [2] that a relaxa-
tion of the microstresses occurs, for example, in uranium under the effect of the neutron flux. These

r phenomena, which are observed also for nickel and zirconium, are explained by the diffusion of the defects
under the influence of the stress field.

| Based on this an assumption was fnade that the reactor radiation must also affect corrosion under
stress. Due to the lack of published information the experimental procedure had to be worked out anew.

The experiments were carried out on the reactor IRT-2000 [3]. In view of the impoésibility of carry-
ing out experiments at constant load the method of constant deformation was used, for which samples in the
form of loops [4] made from a 1.5 mm thick sheet of alloy AMg6M was used. The blank was 160 x 15 mm
in dimensions [5].

Before the experiment the samples were subjected to artificial aging for 24 h at a temperature of
| 170°C. The position of the sample in the experimental unit is shown in Fig. 1. After bending the sample
| into the loop a slit of 0,2-0.3 mm remained between the ends; this would not lead to any noticeable change
in the stress. An electric current from a 6 Vsource was applied to insulated contacts built-in in the sam-
ple. When the sample disintegrated, the contacts were closed due to the presence of a spring and a signal-
ing device for the current was switched on (a lamp, a bell, or such things).

After checking several solutions recommended for rapid determination of the susceptibility of alioys
to corrosion cracking [5] a solution consisting of 0.25 N NaCl + 0.2 N CH3COONa + 0.05 N CH;COOH (pH
= 5.15) was chosen, which did not cause ordinary corrosion. The volume of the solution was 150 m!l. The
results. of the experiments are presented in Table 1. As evident from the table, the time taken before the

Fig. 1. Experimental unit for experi-
ments on corrosion cracking in reactor:

1) potentiometer; 2) plug; 3) thermo-
couple in glass tube; 4)quartz testtube;
5) polyethylene container; 6) sample
loop; 7)solution; 8)insulated contacts;
9) clamp; 10) spring; 11) signaling de-
vice for current.

Translated from Zhurnal Atomnaya f]'nergiya, Vol. 31, No. 2, pp. 151—153, August, 1971. -Original
article submitted September 14, 1970; revision submitted February 1, 1971.
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TABLE 1. Effect of Neutron Irradiation on Corrosion Cracking (Intensity of radiation
10' neutron/cm? - sec)

Time taken before-

Duration of the pH at the: 5. rfied
: . Tempera- disintegration
Conditions of irradiation experiment under | ~© P : end of the (ave;aége forthree
irradiation, h ture,”C eXperiment { . mples),h
Without irradiation —_ 53 5,2 5--17,5
11,12*, 11 50—55 6,4 120140
Irradiation of the sample in solution 11 50—55 6.4 120—140
36 50—55 6,4 450
: 1t 50—55 6,4 6—10
Irradiation of the solution alone }
11% 53 7.1 5—6
Irradiation of the sample alone ' 11 53 5,2 150

* Without irradiation with subsequent irradiation for 11 h.
T Thermal power of the reactor 1500 kW,
¥ Thermal power of the reactor 2200 kW,

disintegration increases sharply on irradiation of the corroding system in the reactor. The pH of the sys-~
tem also changes simultaneously. It was established from experiments that without irradiation the change
in pH was 0.1-0.2 units in 300 h,

Solutions of different compositions were irradiated in order to find out the reasons for the change in -
the pH of the mixture. These experiments showed that the pH of sodium acetate solution changed most ap-
preciably. Thus the pH of 0.2 N solution before irradiation was 8.1 and after irradiation it was 9.45. The
- increase in the alkalinity of the sodium acetate solution obviously determines the increase in the pH of the
solution as a whole. The reason for the increase in the pH of the acetate solution is not definitely known.
Perhaps it is related to the intensification of the process of hydrolysis of the acetate under the action of
the isotope Na24.

The slowing down of cracking (see Table 1) is caused not by the change in the composition of the cor-
rosion solution under the action of the reactor radiation, but by the action of the radiation on the metal lead-
ing to a relaxation of the existing stresses. Actually, if the unirradiated metallic loop is placed in a pre-
irradiated solution, a slowing down of the process of its cracking is not observed. On the other hand a pre-
irradiation of the metallic sample in air leads to a slowing down of its cracking even in an unirradiated solu-
tion. The slowing down of cracking is caused by neutron irradiation, since test experiments with y-radia-
tion of 600 rad/sec did not show any noticeable effect on corrosion cracking.

It must be mentioned that the inferences made on the basis of the present work pertain only to the in-
vestigated form of mechanical stresses. In the presence of stresses, less liable to relaxation, the results
may be different,

In conclusion the authors express their sincere thanks to A. A. Tsvetaev and E. M. Zaretskom for
help in setting up the experiments and for taking part in the discussion of the obtained results.
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RELATION BETWEEN SOLUTIONS OF THE NONSTATIONARY
AND QUASICRITICAL TRANSPORT EQUATIONS

B. D. Abramov _ ’_ ~ UDC 621.039.51.12

There are two types of equations describing noncritical reactors in the one-—veiocity approximation:
1) a nonstationary transport equation taking account of delayed neutrons

m
1 & 1 y
5= AV B2 [ @yt 3 A
i+1 (1)
aN; 1 ,
5= M+ biVZfS a; i=1,2, ..., m,

where ¥ (r, @, t) is the neutron flux and Nj(r, t) is the concentration of the precursors of delayed neutrons
of group i; 2) a quasicritical equation of the form

Sp— —QV¢+% S o, _ : a | - (2)

where 1 is some parameter related to kefs.

In general the relation between the solutions of these equations is rather complicated. From several
papers [1, 2] devoted to this problem it follows that a simple relation exists only for reactors that are
slightly noncritical.

Our procedure leads to a very simple relation in the one-velocity approximation even for a homo-
geneous bare reactor that is far from critical.

We seek a solution of Eq. (1) in the form ¥ (r, @, t) = eo‘t-qo(r, ). Then we obtain

(55+1)

@ cZ , - .
(F5+1) 20— —eve+ g [ e | (3)
where

E(@)=

- B

py ; P Bi=sow,
% o b3 RS

2 a+A;

i=

[¢2
. (T"H) o SahvEy bivEs (4)
1

Introducing the notation r' = r(l + o/vZ) and ¢(r) = (/1 +(a/v3)]) = p(r"), we transform Eq. (3) to the
form

- - cX te .
2p=—Ve+ s Sdﬂ ¢. | 6y

The solutions of Egs. (2) and (5) agree if n = g(a))and at so.me boundary I, = R(1 + o/vY) with normal
n both solutions satisfy the boundary condition
P(L, 2)=0¢ (L, 2)=0, @n) <0, (6)

i.e., the equation

Translated from Atomnaya ﬁnergiya, Vol. 31, No. 2, pp. 153-154, August, 1971. Original article
submitted July 31, 1970.
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Y, D=0 Y=g, Q) (7N
will be satisfied, where ¢(r, @) as a function of r satisfies the boundary condition
o@R §=0, @N<O. ' (8)

Denoting the eigenfunctions of Eqs. (3) and (2) w1th boundary condition (8) corresponding to the elgen-
~ values ¢j and 7 by ¢j(r, @; R) and $(r, ﬂ R) respectively, we see that if b

E ()= (9]
is satisfied the relation
@; (r, Q; R)=1p [l‘ (1—}—%) , &R (1+%)] (10)
holds. In a similar way it is shown that
ol B R= (——, o R, , (11)
oy g -

Since for a given n Eq. (9) has (m + 1) roots «j, it follows from Eq. (11) that the neutron distribution func<
tion in a quasicritical reactor (a solution of Eq. (2)).corresponding to the eigenvalue 7y is geometrically
similar to the distribution functions corresponding to the eigenvalues «; in (m + 1) nonstationary reactors
of the same composition and form but different dimensions if the eigenvalues oj and 7 are related by Eq.
(9). On the other hand only one quasicritical reactor can be associated w1th each nonstationary reactor in
this sense.

There is a simple relation between the spectra of the eigenvalues of these problems also. If the solu-
tion of Eq. (2) leads to a relation between the eigenvalues n; and R of the type

F (g, R)=0, (12)

where F is some functional relation, then it is easy to show that the eigenvalues «; of the nonstationary
Eq. (3) will be the roots of the equation

st (14:55)] o @

if Eq. (9) is satisfied.
We note that the eigenvalues of these problems are real [3]; we assume that & > —vX.

Thus the true neutron distribution in a nonstationary reactor, i.e., a solution of Eq. (3), can be deterz
mined from a solution of the quasicritical Eq. (2) written for a reactor of a different size. The inverse
procedure is possible also.

The author thanks G. Ya. Rumyantsev for valuable comments and his attention to the work.
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MOMENTS OF THE NEUTRON DENSITY DISTRIBUTION FUN.CTION

T. E. Zima, A. A. Kostritsa, UDC 621.039
and E. I. Neimotin i

Finding the moments of the neutron density distribution function N by Marshak's method [1] does not
require a knowledge of the function N or its Fourier transform N. It is sufficient to know the values of the
Fourier transform and its derivatives at the origin. This method is ordinarily used to determine moments

of the P,-approximation to the distribution function. We interest ourselves in the moments of the exact
function N.

Let us consider first the one-velocity kinetic equation for the distribution function N{(x, u, t) in plane
one-dimensional geometry with a localized pulsed neutron source

N |
7+ T RN =2 S0 § Py N a5 00 8 (). (1
. j
In writing Eq. (1) 1t was assumed that the scattering function ug( ®) can be represented by a finite sum
of Legendre polynomlals

tg (@)= D u;P; (cos D). (2)
2 .

Here & is-the.angle betweeﬁ the neutron velocity vectors before and after scettering; u is the cosine of the
angle between the neutron velocity vector and the x axis; X is the total cross section; and Zg is the scat-
tering cross section. We assume also that u > pgy .

We introduce the Fourier transform of the function:
. oo

Nq, B, t)= S Nz, u, t) eitxdz. 3
By using the equation for the Fourier transform obtained from Eq. (1) it can be shown that the total number
of neutrons in an unbounded medium varies according to the well-known law

' © oo -1

5 S Nz, p, t)ydzdp= (S N, p t)dp.} —-ﬁo(q:0)=Sﬂ([_to)e—vza(t—lo), ) (4)
where

1 for t >ty

BE—0=10 for 1<y - (5)

Simple calculations give the value of the.second derivative of I\NIO = Sﬁ(q,‘u, t)du at the origin in the
plane of the complex variable q and then the second spatial moment of the neutron distribution functlon x2

as a function of time: ) .
— P2 1 —oxs (1-£L) (-0 (6)
a2= t—ty— t— :
325(1—.~“—1) { ’ vEs( ~4) ° o ]}'

In principle there is no difficulty in f1nd1ng higher moments,

By mtegratmg No(q =.0) and (82N0/8q )q 0 with respect to t, from —e tot we can fmd X2 2t for a sta-
tionary source:

Translated from'Atomnaya_flnergiya, Vol. 31, No. 2, pp. 154-156, August, 1971, Original article
submitted August 3, 1970,

_ © 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever wr.thout
permzsswn of the publisher. A copy of this article is available from the publisker for $15.00.

871

Declassified and Approved For Release 2013/02/26 CIA-RDP10-02196R000300090001-2




Declassified and Apprbved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2

1. : ‘ (7)

S _ﬂﬁ)'
uza.( 5

wlto

2
Tst

It is worth noting that the second moment of the exact function and its value in the P,-approximation
agree if by the P,-approximation we understand the full form of the differential equation obtained. Thus,
for example, in the telegraphic equation it is necessary to take account of the time derivative of the source.
The diffusion equation with the first time derivative gives the familiar relation x? = 2D(t —t,).

Higher moments are obtained differently. Earlier we found the- moments of the distribution function
for certain problems in the theory of entrainment of neutrons by a moving medium. In a similar way it is
possible to study the effect of an acceleration of the system on neutron transport.

Bucci [2] noted a possible effect of large accelerations of the system on the critical state of a reac-
tor. Kostritsa and Neimotin [3] considered the effect of a sudden acceleration of the system on the density
of a neutron gas in a medium with a uniform distribution of sources.

Let the acceleration w be along the x axis. Then the term in the kinetic equation taking account of
the effect of inertial forces can be written in the form
N

WV, N = wp,——+—(1—- 2)a—p. 4 (8)

For simplicity let us assume that the scattering is isotropic. Then the kinetic equation for a prob-
lem with a stationary source has the form

aN 1—p2 aN qu

+1
vp "—+ w —— ED) |'w v T"L vIN = j (lp,—-‘— 2

20—vg) — ) 5 (), (9) “‘

I)
where N = N(x, u, v). In spite of the monoenergetic nature of the source v has a spectrum because of the :
inertial forces. It is difficult to determine N or even its Fourier transform N in Eq. (9). Let us take Za
=1/vT and g =1/vr, where T and T are constants, and find the moments of the distribution function

- S.dx S-v2 dv S.dpzN (z, p, v) _ wl't : - . (10)
S dzs v2 dy 5 audv (z, p, v) 1_*_% .

. farfordo fapatViop) o[ o (2 1+3%\’ iy |

&deﬂdede(z,p.,y) =0 v? 3 1_!_% ) ’ l

where |
5 9 vﬁTT

Tpmg =g T . ) . (12) °
T

Thus the neutron distribution becomes asymmetric with respect to the plane x = 0 when there is an
acceleration. We note that ¥ and x? can be obtained from the solution of Eq. (9) in the P,-approximation.
The value of X agrees with Eq. (10), and x? differs from (11) by a small quantity. The drift velocity vqr
can be found from the relation X = varT-

The same result can be obtained from the solution of Eq. (9) for monoenergetic sources uniformly
distributed in an infinite medium if N is written in the form

o0

NS fnl0) Pa () (13)

n=0

and we limit ourselves to the P,-approximation in considering the infinite system of differential equations
wt L A o, k d/h 1 +_ (k1) (k12)

w k(k—1)
YokT3 v —1 k13 f"“—'u""zk‘—f" {
s ,
+ozhn= [ vEsfa g 6 (v—v0) | (2-+1) B0 (14) 1
Having determined the neutron density and current we obtain the expression
) wt .
YT T oy (15)
¢ (1+7)
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where ¢ takes on various values for different types of dependence of the cross sections on the neutron ve-
locity:

1 for Zs~—1— and Za’w%;

t= a3 for T,=const, 34 == const; (16)

~ 2.4 for Zg=const, Ea~%.

Let us consider how an accelegtion might manifest itself in actual neutron experiments. The quantities
vdr» X, and the corrections to x? are small for thermal neutrons and accelerations of the order of the ac-
celeration due to gravity g. For w 2 100 g one might expect changes in the operation of a thermal reactor
(3]. Since vqy ~ wilg/vy, where lg is the scattering mean free path, the drift velocity may be a few centi~-
meters per second for ultracold neutrons* diffusing in a tube a few centimeters in diameter. If the lifetime
of the ultracold neutrons is taken into account X and the correction to x? will be significant.

The authors thank F. L. Shapiro and E. P. Shabalin for valuable comments.
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SPONTANEOUSLY FISSIONING ISOMERS OF URANIUM,
PLUTONIUM, AND AMERICIUM FROM NEUTRON REACTIONS

Yu. P. Gangrskii, T. Nad", . UDC 539.173.7
I. Vinnai,* and I. Kovach*

At the present time more than 20 spontaneously fissioning isomers from uranium to berkelium are
known. Most of these isomers have lifetimes in the nanosecond range and can be studied by the time-of-
flight method [1]. We use this method to investigate spontaneously fissioning isomers formed in fast neu-
tron reactions. A schematic diagram of the experimental arrangement is shown in Fig. 1. A beam of
neutrons falls on a target surrounded by a micd—muscovite dielectric ring detector. The target is 1 em in
diameter and the outside diameter of the detector is 6 cm. The relative positions of the target and mica
are such that prompt fission fragments cannot strike the mica. Fragments are recorded only when recoil
nuclei undergo spontaneous fission more than 1 mm from the target. From the angle and the coordinate of
the track left in the mica by the fragment it is possible to determine the distance the recoil nucleus trav-
eled before decay. This distance determines the lifetime of the fissioning nucleus since the velocity of the
recoil nucleus is known from the kinematics of the reaction.

This procedure gets rid of the background of fragments arising from the spontaneous fission of the
target material or from fissions induced by thermal neutrons after the beam of the bombarding particles is
shut off. Therefore the targets can be made of isotopes with a short spontaneous fission half-life {(even iso-
topes of plutonium and curium) or of materials having a large cross section for fission by thermal neutrons
(odd isotopes of uranium and plutonium). At the same time the use of neutrons to obtain spontaneously fis-
sioning isomers imposes special requirements on the cleanliness of the target surfaces since the momen-
tum of a recoil nucleus is small and any contamination of the surface significantly reduces the reaction
yield. In addition the dielectric detectors for recording fragments must have a low uranium and thorium

*Members of the staff of the Central Institute of Physical Studies, Budapest.

N(E), rel.
umtsq ~L
, 3 N
d n Fragments and
—_— recoil nuclei \
B £
‘ : i ~
: \
[/ T/ X <
i 2 3 A 5 1 2 3 4 5 6 E, MeV
Fig. 1 Fig. 2

Fig. 1. Schematic diagram of experimental arrangement. 1) T or Be target; 2) alu-
minum foil; 3) thorium, uranium, plutonium, or americium target; 4) mica ring de-
tector; 5) vacuum chamber.

Fig. 2. Calculated spectrum of neutrons from the irradiation of a thick beryllium tar-
get by 3 MeV deuterons.

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 156-157, August, 1971. Original article
submitted February 16, 1971.
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TABLE 1. Cross Sections for the Forma- content since these detectors are irradiated by practically
tion of Spontaneously Fissioning Isomers the same neutron flux as the target.
Reaction o;x 1028, | o x10-24, % o4 Spontaneously fissioning isorr;ers wejre obtained by
cm cm g using neutrons from the reaction H°® + d with deuteron en-
i 9 ith deuterons and
Tho(n, 2m)Thosl | < 0,09 | 1,56.£0,16 | < 0,06 er'gles of 20f)keV, and Be + d with 3MeV deute .-0 8
Uj295(n, 2n)U 24 <009 |065+028| <0.15 thick beryllium targets. Theneutrons were obtained from
1 = r k) XV S il -
U28(n, n')U2s8 1,440,5 | 0,80-0,30 1.8 an I\{G—ZOO neutron genera:tor and frorr? the EGTS electro-
G298(n, 2n)U27 <0,13 0,78 <0,17 static generator of the Institute of Physical Studies at Buda-
Pu29(n, 2n)Pu2ss | 0,06 0,20 <0,3 pest. Figure 2 shows the neutron spectrum obtained in the
Pu242(n, n")Pu42 | 0,940,3 0,% 0,95 Be? + d reaction. This spectrum was computed from the
Am2%3(n, n')Am29 | 0,2-:0,1 0,74 0,27 geometry of the experiment and the known cross sections
Am?243(n, 2n)Am242 | 0,6+0,3 0,36 1,6 and angular distributions of the neutrons [2]. These neu-

‘ trons are produced mainly in the (n, n') reaction since the

7‘ (n, y) cross section is appreciably smaller. The neutron

| spectrum for the H® + d reaction is a relatively narrow line at 14.7 MeV arising mainly from the (n, 2n) re~
action. The neutron flux was determined from the activation of an aluminum foil of the same size as the
target irradiated by neutrons. The target thicknesses were as a rule greater than the range of the recoil
nuclei. Therefore the thickness of the layer of material from which the recoil nuclei were ejected was,
calculated by using the familiar theory of the transmission of heavy charged particles through matter [3].
For 14 MeV neutrons the thickness of this layer was 10 ug/cm?. These calculations were confirmed by
measuring the yield of recoil nuclei in the reactions Cu®®(n, 2n) Cu®* and Ta'® (n, 2n)Ta180m the measured
and calculated yields agreed within the limits of error (20%).

The cross section for the formation of a nucleus in the isomeric state was determined from the num-
ber of tracks obtained in mica, the neutron flux through the target, and the calculated effective layer of
target material. The efficiency of counting fragments depends on the half-life of the isomer formed in the
reaction. This efficiency has a maximum value of 40% for half-lives of 100 nsec and drops to less than

’ 5% for half-lives less than 5 nsec and greater than 1 psec since in this case the recoil nucleus either de-
cays on the target surface or moves a long way from the detector. Therefore in order to increase the yield
of fragments when studying long-lived isomers a recoil nuclei collector was placed 1 ¢cm from the target.

The cross sections o; were measured and the upper limits for five (n, 2n) reactions and three (n, n")
reactions leading to spontaneously fissioning isomers were determined. In the latter case the average
cross sections were found for neutron energies from the reaction threshold of about 3 MeV to 7.6 MeV.
The results are shown in Table 1. It can be seen from the table that the cross sections for the formation
of spontaneously fissioning isomers in the (n, n') and (n, 2n) reactions are of the same order of magnitude.
The isomers U2 (T, /, = 34 nsec) obtained in the (n, y) reaction [4], and Pu®33 (Ty/, = 6.5 nsec) obtained in
the (@, 2n) reaction [5] were not observed. Table 1 also gives the (n, 2n) and (n, n'") cross sections for re-
actions leading to the ground state o, and the isomer ratios 0j/0g. The values of og for Th232 U235 and
U238 are known, and for the other nuclei they were calculated by using the statistical model of the nucleus
and taking account of the competition between neutron evaporation and fission [6]. The average cross sec-
tion for the (n, n') reaction in the 0-7.6 MeV range was calculated with the neutron spectrum of Fig. 2. It
was assumed that the (n, n') reactions take place only via the compound nucleus. Table 1 shows that the
isomer ratios are ~10~%, which is close to the values obtained for the Am?% isomer in charged particle
and neutron reactions [7]. '

In conclusion the authors thank G. N Flerov for his constant attention to the work, and I. Veresh for
his help in irradiating the targets.
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YIELDS OF Be' IN THE IRRADIATION OF LITHIUM
AND BORON WITH PROTONS AND DEUTERONS AND
THAT OF BERYLLIUM WITH PROTONS, DEUTERONS,
AND «o-PARTICLES

P. P. Dmitriev, N. N. Krasnov, UDC 621.039.573
G. A. Molin, and M. V. Panarin )

The isotope Be' (Ty/y = 53 days) decomposes by electron capture and is a monochromatic y-emitter
with E., =478 keV. 1t is finding wide use in various fields of scientific research. The published data on
the yields of Be! [1-9] are contradictory and incomplete (see Table 1).

In this work we investigated the dependences of the yield of Be' on the energy of the bombarding par-
ticles in the irradiation of thick targets of lithium and boron with protons and deuterons and that of beryl-
lium with protons, deuterons, and a-particles. The energy of accelerated ions differed somewhat in indi-
vidual irradiations. The largest values of the particle energy were: Ep =22.7 + 0.35 MeV, Eq =22.8+ 0.35
MeV, and E, =45.7 + 0.7 MeV. Table 1 presents the energies of the particles after their passage through
a monitor foil. To obtain the yield of Be’ as a function of the particle energy we used copper retarding
foils. The scintillation y-spectrometer was calibrated with respect to photoefficiency with the aid of stan~
dard y-emitters of the International Atomic Energy Agency. The yield of y-quanta with energy 478 keV
was assumed equal to 12.3 quanta per 100 disintegrations of Be'!. The accuracy of the values obtained for
the yields of Be is +13%. The details of the method of measuring the yields were outlined in [10, 11].

TABLE 1. Characteristics of Various Methods of Producing Be!

Published data on yields
Energy thresh- | Content of
Method of i . .
ed ot' lf{eacn(')r1 . old of reac-- initial iso- |particle yield, literature
proquction ormation tion, MeV tope, oia energy, MeV #Ci/ﬂA -h a
22,1 1 245 This work
8 77 1
: Li® (py) - 7,52 12 256 * 2
Lit+p { Li? {pn) 1,88 92,47 17,1 254 3
20 166 4
22 170 5
22,2 119 This work
13 2 5
. . 13,5 76 6
. Li® (dn) — 7,52 S
Li+d { Li? (d2n) 4,97 92,48 1 8 !
19 2 7
' 25 70 8
30 150 9]
Btp { B0 (par) — 18,8 } 22,2 54 This work
' B (poin) 11,78 81,2 12 37% 12}
B+d B10 (dan) 1,39 18,8 22,2 38 This work
Bl (do2n) 16,12 81,2
Be+p Be? (pt) 13,4 100 22,4 10,6 The same
Be-d Be? (din) 17,4 100 22,4 0,68 . .
Be? (aa2n) 29,6
B ” ”
et { Bet (a11et) 2.4 100 43 2,3

®Obtained by integration of the excitation functions.

Translated from Atomnaya ﬁnergiya, Vol. 31, No. 2, pp. 157-159, August, 1971. Ofiginal article
submitted September 14, 1970.
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Fig. 1. Dependence of the yield of Be’ on the energy of the bombarding particles in the
irradiation of thick targets of lithium and boron with protons and deuterons: 1) Li + p;
2) Li +d; 3) B + p (increased fourfold); 4) B + d (increased fourfold).

Fig. 2. Dependence of the yield of Be' on the energy-of the bombarding particles in the
“irradiation of thick targets of beryllium with protons, deuterons,and a-particles: 1) Be
+ p; 2) Be +d (increased fivefold); 3) Be + « (increased twofold).

Metallic lithium is inconvenient as a material for irradiation (rapid oxidation, necessity of using thick
layers); therefore the salt LiySO, was irradiated. The ranges of the particles in Li,SO, and the factor for
conversion of the yield of Be' for Li,SO, to the yield of Be in pure lithium were calculated according to the
method outlined in-[12, 13]. The conversion factor proved equal to 7.24, Samples of boron and beryllium
were prepared for irradiation from the pure elements. Table 1 presents the basic characteristics of the
investigated methods of producing Be', the yields at the maximum energy obtained in this work, and the data
from the studies of other authors. The yield of Be’ as a function of the particle energy for the five investi-
gated methods of production is presented in Figs. 1 and 2. In this work the yields of Be! in the irradiation
of boron and beryllium were measured for the first time.

As can be seen from the results obtained, the most effective methods for the production of Be! are the
irradiation of lithium with protons and deuterons.

The authors would like to thank Z. P. Dmitriev and G. N. Grmenko for their aid 1n the work and V. G.
Vinogradov for his radiochemical isolations of Be from certain samples.
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STUDY OF THE WEAK «o-ACTIVITIES OF THE
VOLATILE FRACTIONS OF LEAD — ZINC ORE BY
THE o—-X COINCIDENCE METHOD

V. Kush, V. I. Chepigin, UDC 543.53
G. M. Ter-Akop'yan, and S. D. Bogdanov

During the last few decades many articles have been published on the identification of very weak,
long-living o~emitters in ores and minerals, the energies of these emitters not falling within the frame-
work of existing clasgsifications [1-13].

The publication of theoretical papers discussing the possible existence of long-lived heavy nuclei with
atomic numbers between 110 and 114 [14] has. intensified interest in the unidentified weak a-emitters in
nature.

The results of investigations into weak «-activity and (to a certain extent) chemical data strongly sug-
gest the existence of a-active, very heavy elements in nature; however, existing experimental methods are
as yet incapable of yielding unequivocal results. In-the present investigation we used the- method of @—X
N, ' coincidences in order to identify the atomic number of the
pu]sesL T T T isotopes under consideration.

100

The volatile fraction of a lead —zinc concentrate was

Zz | subjected to the chemical processing normally used for the
w0 | separation of osmium. The volatile products obtained from
2 . the dust were condensed in a liquid nitrogen trap and dissolved
‘ } in nitric acid containing hydrogen peroxide. After heating to
00} — 110°C and further condensation, the most volatile products col-
80 — lected on the substrate contained a-activity with an intensity
&0 . of 4 decays/min per milligram.
Zz B After a 20 h measurement.with a surface-barrier Si
4 —Au detector, we obtained an a-spectrum in which one line
80 c - with an energy of 4.78 MeV appeared quite clearly.
i?) : In subsequent measurements we used a coincidence
P R spectrometer. The x-radiation was measured with Si(Li) de-
. tector having an effective layer thickness of 2.4 mm, cooled
' to —110°C. For recording the ao-particles we used a sur-
2000 3 d | face-barrier Si—Au detector with an area of 3.2 cm?. The
1500 |- Y § - : :
200l s é’% B coincidence circuit only allowed recording by the Si(Li) de-
800l j Y 3203kev | tector when an a-particle pulse with an energy of over 4 MeV
4001 8§ %,L . appeared. The correct working of the spectrometer and the
; 75 210?6 3!0 ] efficiency of the coincidence recording were verified by using
E, kev a source containing natural uranium.
Fig. 1. X-ray spectrum of sources: The resolving power of the x-ray spectrometer on sub-
uranium (a), Np?¥7 (b), test sample (c),. jecting to a week's exposure was 2.5 keV or better,
and Pu’®® (d). An Si(Li) detector was The first series of measurements indicated the pres-
employed.

ence of an emitter emitting a-particles in an excited state,

Translated from Atomnaya E‘nergiya, Vol. 31, No. 2, pp. 159-161, August, 1971, Original article
submitted August 17, 1970; revision submitted November 10, 1970.

© 1972 Consultants Bureau, a division of Plenum Publishing ‘Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

879

Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2




Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2

TABLE 1. Intensity Ratio for the Test Sample and Np?37

237

Intensity ratio Test sample NPm With correction ;11[35] calculatiori
Jalfa-x 10,8+1,0 8,5+0,9 10,94-1,1 9,2
falfay 608 55--10 65412 64,5
fa;x/fa—v 6,41+1,0 8,5+1,0 6,4+1,0 7,1

‘Note: The quantity fy is the number of recorded a particles; fy-x and fy-y are the num-
bers of x-ray and y-radiation quanta recorded in coincidence with a-particles,

8o that four lines in the 10-30 keV range appeared in our spectrum. On the basis of the energy of the two

strongest lines (L, Lpg) we were able to establish that the atomic number of the unknown element was Z
=03+ 1.

In the second series of measurements, we decided to compare the spectrum of our own source with
those of existing a-emitters in this range of Z. This method eliminates calculation of the recording effi-
ciency. Figure 1 shows the x-ray spectra of uranium, Np?3', Pu?®%, and our own source; on the basis of
these results we concluded that the a-activity discovered belonged to Np?%,

Table 1 indicates the x-ray line intensities of the Np?*' and those of our own source. The intensity
ratio of the individual lines confirms our identification, and so does the ratio of the coincidence intensity
to the a-count rate. The slightly higher value of the intensity of the L series obtained for the calibrated
Np?¥? sample is associated with the presence of a trace of Pu?® in this. The amount of impurity was such
that the intensity of the Pu®*® decays equalled half the neptunium intensity. In the fourth column of Table
1 we show the intensities of the L lines of the calibrated source, corrected to allow for the plutonium im-
purity.

The discovery of Np%' in a lead—zinc concentrate is not to be regarded as extraordinary. Estimates
based on the enrichment factors achieved during the processing of the original ore show that in the original
concentrate the neptunium content was no greater than 107! wt,%. Traces of neptunium of this order are
in accordance with the proportion of technogenic neptunium in the Earth.

The data here presented may well turn the attention of authors studying weak a-activity in the Earth's
rocks to the possible masking of the present effect (or even its simulation) by technogenic neptunium. The
weak activities and the great thickness of the samples.employed lead to large statistical errors and also to
the broadening of the spectrum. If we also consider possible apparatus instability, such as is liable to oc-
cur in measurements extending over many days (this may be illustrated by Cherdyntsev's results {7]), it
becomes perfectly clear that the three factors, taken together, may introduce a serious error into the mea-
surement of a-particle energy. The insufficiently accurate determination of energy and the lack of infor-
mation relating to lifetimes may give rise to unjustified conclusions. The use of the method of ¢—X coin-
cidences, in our own opinion, eliminates this possibility.

In conclusion, the authors wish to thank G. N. Flerov for proposing this problem and for interest in
its progress; they are also grateful to O. D. Maslov for help in the work.
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NEUTRON-RESONANCE APPARATUS WITH A CENTRAL

SOURCE ARRANGEMENT

B. S. Vakhtin and E. M. Filippov : UDC 543.53

Instudies [1-2] results are presented of research into the application of the neutron-resonance method
for the determination in specimens of silver, gold, indium, rhodium, boron, and other elements. The neu-
tron source was located in a moderator outside the specimen. ‘

The authors of this study developed a neutron-resonance apparatus (NRA) with a central source ar-
rangement (Fig. 1) for a rapid determination of boron. The feasibility of using the NRA for determining
high concentrations of boron is established in [3]. The neutron source in the NRA is situated inside a
cylindrical activator, which is, in turn, inside a cylindrical cassette surrounded by the moderator. The in-
duced activity of the activator develops through neutrons which have lost their energy in the moderator and
passed through the specimen. The apparatus consists of a block moderator 1, which is a plastic cube with
a 50 cm edge. In the block is a horizontal canal in which a carriage 2, also made of plastic, is placed. A
vertical canal lined with cadmium (~1 mm) passes through the middle of the carriage where a cylindrical
cassette 3 with the specimen is placed. The distance between the walls of the cassette (the thickness of a
layer of the specimen) is 5 mm; the height of the cassette is 95 mm. The cylindrical activator 4 is made
from silver foil 0.1 mm thick. Its diameter is ~49 mm; its height is 85 mm. A circular cadmium disk

AN, pulses [~

6000

4000

T

2000

0 ] i !
40 80 120

Boron content, g

Fig. 2. Dependence of the count-
ing rate of resonance neutrons on
the boron content in a measure-
ment with one source inside the
cassette (1) and with 2 sources
Fig. 1. Diagram of the NRA with outside the cassette in the moder-

a central source arrangement. ator (2).

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 161-163, August-, 1971. Original article
submitted October 14, 1970; revision submitted December 17, 1970.
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TABLE 1. Values of Relative Root Mean 1 mm thick with a 0.1 mm silver coating is in the lower
Square Error in the Determination of the part of the carriage canal. The disk has an opening
Counting Rate under Different Geometric slightly larger than the diameter of the activator and is
Measurements the mount for the cassette. An analogous disk is placed
S Efror in the count- on top of the cassette. The vertical canal in the block
@ & ing rate measure- :
S| B e moderator serves as a passage for the neutron source 5,
Type of product; | 5 g | 8 one - Tiwo which is mounted on a sliding tube 6. In the "off" position
boron content,% 8 E source  sources . . . .
g | § inside [outside the neutron source (plutonium —beryllium with a yield of
v 9| 5 the acti-|the acti- 6 . . . .
2 S| m co |vator  lvator 4.3 -10° neutron/sec) is placed in a protective paraffin
block 7, Lead 8 is used to protect the detector from ra-~
‘Crystalline boron | 116,6 | 114,1 1,25 1,35 e e . . . T cps
98) diation. A stop 9 fixes the carriage in an "on" position.
The activator mount 10, a plastic bar, is found under the
Microcrystalline | 38,6 | 37,8| 7,1 6,8 carriage, The mount, when at the extreme right (see Fig.
boron (98) ' 1) serves as a support for the activator; moving it to the .
left frees the activator which, by its own weight, feeds
Brown boron 67,3 63,7 2,0 2,1 through the canal 11 into the measuring cell 12 and is put
(94.66) ' ‘ onto the detector 13. The detector (3 STS-6 type count-
' ers) is held firm in a collar 14 which can be removed from
the cell. '

The operating sequence of the NRA is as follows. The neutron source is placed in the upper position
with the mount on the extreme right. The cassette with the specimen and the activator are inserted in the
carriage canal, the cadmium disk is set in, and the carriage moved to the right to the catch in the stop.
The source is placed in the lower "on" position (inside the activator), and this moment is considered the
beginning of the irradiation time t,. After time t; the source is removed, the mount is moved 5-6 cm to
the left, and the activator goes into the measuring cell. After a pause tp (the end of irradiation to the be-
ginning of measurement) the scalar PP-12 is switched on, and in the course of time t; the induced activity
of the activator is measured.- Time t; consisted of 2 min, t, of 8 sec, and t; of 100 sec.

Products with an 86-98% boron content were used as specimens (see Table 1). The results of the
determination of boron in the specimens are presented in Fig. 2. Here the dependence of the difference
AN in the counting rates on the boron content is given, with the counting rate from the specimen containing
86% boron serving as the minuend. The error in the counting rate measurement (see Table 1) is several ~
percent in the duration of the complex cycle of measurements, which is equal to several minutes. In order
to compare the accuracy obtained in a given geometric measurement with the accuracy in the case when the
neutron source is outside the cassette, the NRA was reconstructed: positions 7 and 8 were eliminated (see
Fig. 1), and the neutron sources (2 with a common yield of 8.6 -10% neutron/sec) were placed in the central
part of the block moderator. The operating sequence differed from that described above in that the begin-
ning t, was considered to be the moment of the placement of the cassette with the activator in the irradia-
tion position. The times tg, tp, and tj were the same. The results of the measurements are presented in
Fig. 2 (curve 2) and in Table 1. The drawing and the table clearly demonstrate the advantage of the geom -
etry with the source placed inside the activator, since the errors of the measurements in both cases are
roughly identical, and the activity of the neutron source can be decreased twofold, if it is positioned inside
the activator. ,

In conclusion the authors are grateful to Yu. G. Fadeev and G. A. Sychev for their participation in the
construction of the apparatus.
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LONGITUDINAL STABILITY OF A BEAM IN A LINEAR
INDUCTION SYSTEM

V. K. Grishin : UDC 621.384.65

Various methods for producing intense accelerated-particle beams are currently under study. One
promising system in this regard is the linear induction accelerator (LIA), whose simplicity and reliability
open up new application possibilities [1, 2]. In this case, however, longitudinal beam instability arises at
high currents and disrupts the beam homogeneity.

The aécelerating system of an'LIA is a set of annular inductors with a ferromagnetic core. The par-
ticles move in a ferromagnetic channel, and the permeability of the material is 4 > 1. Even at compara-
tively low velocities the conditions for the Cerenkov instability hold [3]: uB? > 1, where g is the ratio of
the particle velocity v to the speed of light ¢ in vacuum. This can be seen from the following simple physi-
cal considerations. When local density perturbations arise, an additional field is excited whose Coulomb
component corresponds to dissipation of the current inhomogeneity, and whose vortex induction part corre-
sponds to an increase in this inhomogeneity. When uB?% > 1, the latter phenoménon predominates, and the
beam loses its longitudinal stability.

For some specific results, we consider an infinite system of annular LIA inductors arranged along
the z axis. The state of the beam in this system may be described by a kinetic equation giving the change
in the particle density F in phase space of the coordinate z and the longitudinal momentum P,:

aF aF aF _ 1
A el M

It is assumed here that particles with charge e move along the z axis in the accelerator channel at velocity
v; their motion is affected by the longitudinal electric field 4. Neglecting transverse motion (this is valid
in a consideration of longitudinal perturbations whose length is much greater than the transverse dimen-
sions of the beam), and assuming it to be stable, we can state that F is equal to the linear current density
of particles with velocity v. The total beam current is :

T—e 5 oF dP,. : (2)
The intrinsic field of the beam is governed by the interaction of particles with the ferromagnetic en-
vironment. The Coulomb components may be neglected under the condition up? > 1 [4], while the vortex
component may be described by means of the ordinary concept of self-induction of the annular system [5]:
e o _

e~ 3
where i1, is the average self-induction coefficienf,per unit length of the system. At a perturbation wave-
length much greater than the transverse dimensions of the inductors (for a more detailed discussion of the
inductor construction see [2]), we have [, =~ 2InR/r, where R and r are the maximum and minimum induc-
tor radii. The field €F is essentially constant over the chamber cross section.

Under the assumption that F = F(z—vt), we have

Br=ply - 5 B2F dp,. . ‘ (4)

Translated from Atomnaya fﬂnergiya, Vol. 31, No. 2, pp. 163-164, August, 1971. Original article
submitted July 23, 1370.
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Small perturbations in the homogeneous infinite beam are described by _
Fa Fo(P)+f (U Py 2), (5
where f < F,. Obviously, F; does not produce a field, and the linearized kiretic equation becomes, after a
Fourier z transformation and a Laplace tinmeé transformation,

plut-ikilo g | Bofn dP-pikota= o (6)

where f; is the initial perturbation (the éxternal field is neglected).

According to the standard procedure for analyzing a kinetic equation {6], the asymptotic behavior of
the perturbation is described by that root p of the equation

i |
1=’ikﬁloeé S -p-{—_tkzvdpz' (7)
which has the maximum real part.
As an example, we consider the distribution
Fo= {J/(z'gvoA) for |P,—Py|s 4, (8

where v, is the average velocity of the beam. Then it follows from Eq. (7) that (8 ~ 1)
p=—ikvo-+ke (A—(AB)2)!/2, : (9

where A = ﬁzoJ(1—52)3/2/JA, J) =mcd/e ~ 17,000 A, and AB is the velocity scatter in the beam. It fol=
lows from Eq. (9) that the beam remains stable (Re p — 0) only at small currents. For the distribution
{7 '

. J.oo Py : ;
Fe= o =P AT (10

we have Re p = ke (VA=AB), and the same conclusion follows.

I practice the strong dispersion of the magnetic permeability of the material should be taken into.
account. For a perturbation wavelength of the order of 1-3 m, the permeability does not exceed 102-103
[2]. Then with J = 200 A, the instability growth time for a beam having electrons with an energy of 1-10
MeV is

T=

Rép ~ (0.1 — 3)-10-8 sec;

i.e., the instability grows over a distance of a few meters. In a real system of course one must take into
account the loss in the core (the imaginary part of u) and the effect of the accelerating field, which, without
qualitatively changing the phenomenon, limits the perturbation growth, since Re p depends strongly on the
particle energy.

A real result of the longitudinal beam instability will be the excitation of the intrinsic field of the
beam (or amplification of the field of inhomogeneities introduced during injection), which may significantly
disrupt the energetic homogeneity of the particles [5].

The author thanks A. A. Kolomenskii for discussion of the results.
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ABSOLUTE MEASUREMENT OF PARTICLE-BEAM
INTENSITY BY A FLUCTUATION METHOD

Yu. P. Lyakhno and V. A. Nikitin UDC 539.16.08

The number of particles produced at a thin target by a stable particle beam from a pulsed accelerator
fluctuates (from pulse to pulse) about an average value according to a Poisson law, Here the relative devia-
tion or the so-called variation coefficient in the number of particles is v(n) = 1/vVn, where 1 is the average
number of particles produced at the target during a single accelerator pulse. This means that a direct
measurement of the beam intensity may be replaced by measurement of the variation coefficient, The vari-
ation coefficient of the number of particles may be measured by means of a relative detector. We assume

that we have carried out m relative measurements x,, x,, . . . , Xy Which are proportional to the values n:

ng, Ny, ..., xm.of the random quantity. Theh the average value of the relative measurements is X
m m m m

= > x; = (1/m) ) kn; = kii, while the dispersion is D(x) = (1/m) ! (xj —%)? = (1/m) Y (knj—kn)? = kZD(n),
i=1 i=1 i=1 i-t

where k is the proportionality coefficient between X; and nj. According to the definition of the variation co~
efficient [1], we have

v

= YOG _ VD&
n

T

= (n). . (1)

Thus the procedure described here permits us to use a relative detector to carry out absolute mea-
surements of the intensity of particle beams without the use of a calibration if the distribution of the num-
ber of secondary particles from pulse to pulse is known. The intensity of these beams may exceed the de-
tection capabilities of particle detectors and may reach up to intensities measurable by means of integrat-
ing devices (calorimeters, Faraday cups, etc.).

this case the number of secondary particles fluctuates according to a binomial distribution [1], and the
variation coefficient is v(n) = V(1 —p)/n, where p is the probability that a secondary particle will be created
| by the incident particle. For a known probability p, measurement of the number of particles i may thus
' replace a measurement of v(n).

’ The particles incident on the target sometimes have a large probability for interacting with it. In

Using Eq. (5.3.78) in [1], we can show that the statistical error in measurements by this procedure
is the same as during a direct count of particles for the case m > 50 and p < 1.

When the number of secondary particles is measured by this procedure in practice, however, three
types of errors must be taken into account. First, the intensity of the particle beam incident on the target
from the accelerator always fluctuates; this increases the measured variation coefficient in the number of
secondary particles. This increase may be easily taken into account by measuring the fluctuation in the ‘
intensity of the incident beam by means of a second detector, which may also be a relative one. Second,
the detector itself may respond differently to particles incident on it. The corrections to the measured
variation coefficient caused by these detection fluctuations may be made by calculating them or by measur-

‘ ing them (2] for one of n detected particles and for a given detector; then we use the mathematically rigor-

| ous relation [llvdet = V:iet/‘/-ﬁ' where V::let is the relative detection fluctuation for a single particle, and
vdet is that part of the measured variation coefficient due to detection fluctuations. Third, the measuring
system, which may consist of a photomultiplier, amplifier, and pulse analyzer, also introduces errors into

\ the experimental results,

Translated from Atomnaja Energiya, Vol. 31, No. 2, pp. 164—165, August, 1971. Original article
submitted August 17, 1970,
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These errors may be easily taken into account by measuring them by means of standard light flashes

[3].

The detection fluctuations and the fluctuations in the number of secondary particles are not corre-
lated. Correlations between errors of the detection system and the value of x can usually be neglected.

Since none of these errors will change the average number of secondary particles during a measure-
ment, we can use the rule for summing the dispersions of random quantities [1] to write the measured
variation coefficient as

Vin = ()£ g vl ?)

where vgyg is the relative error of the measurement system, and v+ is the relative fluctuation intensity of f
the incident particle beam. ' !

This procedure has been used to measure the intensity of the hardened bremsstrahlung used in pulse-
chamber experiments (~ 300 photons/pulse). Bremsstrahlung beams having intensities greater than 500
photons /pulse were measured simultaneously by a thick-walled ionization chamber; the experimental
results found by the two methods agreed within 15%.
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ORIGIN OF ACCELERATED ATOMS ACCOMPANYING
A PLASMA BLOB '

K. B. Kartashev, V. I. Pistunovich, UDC 533.98
V. V. Platonov, and E. A. Filimonova :

According to the observations of several authors, there are fast atoms of the working gas in the fast
plasma blob generated by a coaxial plasma gun, in addition to the accelerated ions. In [1] the density of
accelerated hydrogen atoms in the interelectrode space was estimated by means of an optical interferom-
eter. In [2], where the working gas was xenon, the density of accelerated atoms was determined by the
absorption of ultraviolet radiation. In both cases the energy of the fast atoms did not exceed 1 keV, and
the question of their origin remained open. Charge exchange of accelerated ions in the working gas in the
gun was indicated as a possible cause for the appearance of fast atoms in the plasma blob only in [1].

~ The density of atoms in a hydrogen blob moving at a speed of about 108 em/sec was determined in this
investigation by methods of passive corpuscular diagnostics. Such a blob had an ion density on the order
of 4102 ¢m™3 and an energy of about 160 J at a distance of 180 cm from the gun.

The experiments were conducted on the "INES" device, which is described in [3]. The capacitance of
the bank in the gun discharge circuit was 32 uF, and the bank voltage was 20kV. One cm3 of hydrogen at a
pressure of 4 atm (gage) was admitted to the interelectrode space by a pulsed valve. The time delay be-
tween the actuation of the spark gaps in the pulsed valve circuit and the actuation of those in the gun circuit
was 150 usec. The gas entered the interelectrode space through openings in the inner electrode.

The experiments were conducted with two guns, which differed in the location of these openings. In
the gun I the distance from the center of the openings to the end of the center electrode was 80 mm, and in
II it was 30 mm. The speed of the plasma blob was determined by time-of-flight with two diamagnetic
loops. The fast atoms in the plasma blob were stripped by a gas target, and the resulting ioni¢ current was
registered on a detector. The detector was placed at a distance of 6 m from the plasma gun, where the low
plasma density (nj = ng = 10% em™3) permitted separation of ions and electrons by an electric field. The
appreciable length of the flight path permitted independent measurement of the atomic speed according to
time-of-flight.

12,
rel, units '
ity Fig. 1. Dependence of fast-atom
od 00| © ST~ flux on residual gas pressure:
! g°c°/—§g/xc,;ﬁ‘ X x 1) for plasmagun I; 2) for gun II;
10 “o of | xd P 3) calculated for charge exchange
=2 /‘x ,4}’ with hydrogen molecules. The
%é // double arrow indicates the range
, 7 of experimental flux values ob-
A tained after charge exchange in a
37 "thick " magnesium target.
mﬂ)' 4 10°° w0 10°* 107
l-’,torr

Translated from Atomnaya f:nergiya, Vol. 31, No. 2, pp. 165-166, August, 1971. Original article
submitted November 11, 1970, '
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The plasma blob with a velocity of about 108 ¢cm/sec was passed through a charge-exchange target,
which could be a supersonic jet of magnesium vapor or residual gas in the vacuum chamber of the device,
and then the magnitude of the fast-atom flux was measured at various target parameters.

Figure 1 shows the dependence of the fast-atom flux on the pressure of residual gas in the vacuum
chamber.

The gas pressure was averaged along the plasma blob trajectory. The range of atomic flux values
observed after the plasma blob passed through a "thick" magnesium vapor target are also shown in Fig. 1.
It is evident that all the curves have a tendency toward saturation, and the equilibrium fluxes for hydrogen
and magnesium targets are in reasonable agreement. The dashed curve gives the theoretical dependence -
of the atom flux on the pressure. It was obtained using the followmg parameters: the equilibrium atomic °
current I = 36 (relative units); the neutral fraction resulting from charge exchange of 5 keV protons in
molecular hydrogen 3% = 0.9 [4]; and the charge-exchange cross section o4y = 8" 10718 ¢m? [5]. Curves 1
and 2 were obtained with plasma guns I and II, respectively, without a guiding magnetic field. It can be P
seen that for plasma gun II the atomic current at a residual gas pressure of 5-107 T torr was less than 10% ‘
of the equilibrium current. At the same pressure the value for plasma gun I was about 35%.

I

i-

The experimental -conditions of curves 1 and 2 differ only in the location of the gas ports on the inner:
electrode of the gun. Therefore only the gun itself can be responsible for the difference in composition of |
the fast plasma blob. This conclusion agrees with the hypothesis mentioned above [1], according to which |
one can expect an increase in the fast-atom flux with an increase in distance of the gas ports from the end ,
of the inner electrode.

Thus, with a suitable choice of geometry and working regime of the coaxial plasma gun, it is poss1b1e:

to generate hydrogen atoms with a speed of about 10® cm/sec, and their number, measured in the axial re-i.
gion at 6 m from the gun, can reach 35% of the total number of particles in the fast plasma blob. '
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NEWS

XXIX SESSION OF THE LEARNED COUNCIL OF THE
JOINT INSTITUTE FOR NUCLEAR RESEARCH

V. A, Biryukov

The XXIX regularly scheduled session of the Learned Council of the Joint Institute for Nuclear Re-
search [JINR] was held October 27-30, 1970, in Dubna, Opening the session, the Institute's director,
Academician N, N. Bogolyubov, delivered a report on how the decisions and resolutions of the Learned
Council had been fulfilled. One of the events of paramount importance in the past year was the signing at
Dubna, on June 18, 1970, of an agreement on scientific and technical collaboration between the USSR State
Committee on Peaceful Uses of Atomic Energy and the Joint Institute for Nuclear Research. The parties
to this agreement will jointly develop scientific and technical collaboration in the field of nuclear physics,
ensuring effective utilization of the accelerators, reactors, experimental data processing equipment, and
other research facilities at their disposal, and will collaborate in devising new equipment for those pur-
poses. The agreement signed expands the opportunities of the Institute in the area of scientific collabora~
tion with national physics centers throughout the Soviet Union, as well as in terms of the participation of
specialists from member-nations of JINR in the scientific research programs drawn up by Soviet institutes,

N. N. Bogolyubov also mentioned some measured taken in the course of bringing the preparatory
phase of the new five-year developmental program of the Institute to fruition. These include, in the first
instance, work on developing a material groundwork for research on new acceleration techniques, building
a new powerful pulsed reactor, and developing the computer complex of the JINR. Work has been carried
out on preparations for rebuilding and redesigning the Institute's most prominent physics research facili-
ties, the synchrocyclotron, the heavy-ion accelerator, and thé synchrophasotron proton synchrotron.

Professor D. I. Blokhintsev gave a report on scientific research activities in progress at the Theo~
retical Physics Laboratory in the course of the past year. The laboratory's scientists have approached the
problem of introducing an electromagnetic field and verifying gage invariance in the theory of weak inter-
actions, within the framework of nonlocal and nonlinear quantum field theory. A combination of the meth~-
ods of renormalizations and nonlocal methods made it possible to construct the scattering matrix.

Scattering of strongly interacting high-energy particles was investigated on the basis of the method
of functional integration, in efforts to develop an approximation of rectilinear paths for finding the asymp-
totic aspects of amplitudes and cross sections of elastic and inelastic processes.

Many of the research findings are in agreement with conclusions inferred from the droplet model of
the nucleus and from the model of coherent states. A model of coherent states for describing elastic and
inelastic collisions of hadrons at high energies was formulated at the laboratory. These results were re-
ceived with keen interest when they were reported at the International Conference on High-Energy Physics
held in Kiev.

Prediction of the existence of a new region of deformed neutron-deficient nuclides in the neighborhood
of A =~ 100 was ventured in 1969. These calculations stimulated the setting up of experiments. Experi-
mental data obtained in Berkeley during the past summer and confirming those calculations became ava11-
able, with the new region of deformed nuclides A = 100 detected experimentally.

Experimental indications as to the existence of excited states, with the equilibrium deformation dif-
fering from the equilibrium deformation of nuclides in the ground states, began to make their appearance.
(We note that no such difference is found in the case of most known nuclides.) The existence of that type
of states had been predicted by the theoretical physicists of the Theoretical Physics Laboratory back in
1966.

Translated from Atomnaya Energlya Vol. 31 No. 2, pp. 167-170 August 1971.
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The balance sheet on research work completed at the High Energies Laboratory was reported on by
Professor A. M. Baldin. The research program at the accelerator of the High-Energy Physics Institute
[IFVE] at Serpukhov included studies of pp-scattering and pd-scattering in the energy range from 8 to 70
GeV. The experiments confirmed the earlier fact of narrowing of the pp-scattering diffraction cone; the
results of measurements of the ratio o, =Re A/Im A are in agreement with the predictions of Regge pole
theory with branch cuts. The study of pd-scattering showed that the diffraction cone narrows down and that
anq behaves in conformity with the conclusions of dispersion relations. IFVE physicists worked shoulder-
to-shoulder with Bulgarian, Polish, and Vietnamese scientists on these experiments. After the computer-
linked magnetic spark spectrometer had been through comprehensive adjustments and testing, a working
exposure was taken w1th a liquid-hydrogen target, and preliminary results were obtained in studies of the
regeneration of KL — Ks—mesons over the range of momenta from 14 to 38 GeV/c.

A round of research projects on investigation of small-angle elastic n—p-scattering at the proton
synchrotron has been completed. The real parts of the scattering amplitudes, which correspond to pre-
dictions based on the theory of dispersion relations, were measured. These data are unique in the 2-7
GeV energy range. A new method utilizing a gas Cerenkov differential hodoscope was applied to high-
precision measurements of total n p-interaction cross sections at pion momenta in the range from 3.88
to 6.03 GeV/c. The systematic bias in the experiments was found to be at most about 20 pb, and the total
error about 50 ub. '

Studies of neutral bosons decaying to 7°-mesons and y-photons were included in the work with the
xenon bubble chamber. A study of the interactions between negative pions and protons at 5 GeV/c mo-
mentum was conducted with the aid of a one-meter liquid-hydrogen bubble chamber. Over three thousand
six-prong events were detected on plates taken with this bubble chamber, in joint work with physicists of
the German Democratic Republic. Distributions of events with respect to reaction channels, the cross
sections of the reactions, the momentum and angular distributions of secondary particles, distributions of
effective masses, and also cross sections of some of the resonances, were found in the course of these
investigations.

The data obtained in the laboratory on the production cross section of the n%-meson in the reaction
™p — n'n (pion momentum 7 GeV/c) were indicative of the absence of any plateau in the differential cross
section for the momentum transfer range 0 =< |t| =< 0.24 (GeV/c)?, and of a change in slope in the transition
to lower transmitted momenta [t| = 0,02 (GeV/c)®. The study of radiative decays of boson resonances is
being conducted with the aid of a total-absorption spectrometer and spark chambers.

One outstanding achievement of the laboratory research team was the attainment of deuteron accel-
eration to 11 GeV energy on the proton synchrotron. Preliminary experiments on acceleration of a-par-
ticles were also staged.

Professor V. P. Dzhelepov reported on work completed at the Nuclear Problems Laboratory. A
search for new types of fermion interactions is underway at the synchrocyclotron, and possible violations
of the law of conservation of leptonic charge are being studied. The magnetic spark spectrometer took
300,000 plates containing information on rare mesonic decay events, over the course of the elapsed year.
The upper limit of the relative probability of the very rare decay process ut — ete™e™ was diminished to
one-twentieth the figure held to in earlier available data, as a result of those experiments. The new value
is R <6.2-107% (at 90% confidence level). In the case of another rare process 7r+ —etete” v, the upper
limit of the relative probability is set at R < 3.4-1078,

The process of inverse electroproduction of pions 7p—ee™n at 275 MeV energy was observed for
the first time on record. This experiment was undertaken with the purpose of investigating the electro-
magnetic structure of the pion and nucleons in the region of timelike transmitted momenta. As a result of
analyzing 55 events involving the reaction under study, the differential cross section for emission of elec-
trons at energies E > 40 MeV at a 90° angle to a beam of pions was studied (d*0/dd$, = (3.0 + 0.8) -10~33
cm?/sr?). An estimate of the electromagnetic form factors of proton and pion in the timelike region of
momentum transfer was made.

The first stage of a program of measurements of the ep-scattering cross section at 4.13 GeV was
undertaken at the electron synchrotron in Erevan. This work is being carried out with the aid of a unique
arrangement including semiconductor counters, and physicists from Erevan and Bucharest are participat-
ing in the work. Estimates of the proton radius yield the value 0.96 + 0,08 f.
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A one-meter propane bubble chamber irradiated at the proton synchrotron site by pions of momentum
5 GeV/c figures in continuing research on rare processes of formation of particles and resonances, with
decay products containing the n’-meson and y-photons. A new resonance has been discovered in the sys-
tem 77y, with mass 275 MeV. At the present time, the study is being extended to about 40 reactions ac-
companied by the production of A, 29, K, K°, ¥, and other particles in different combinations of two, three,
or four such particles, and the cross sections of those reactions are being studied. This is a difficult
undertaking in measurements based on hydrogen bubble chambers.

Emission of charged particles in muon capture on the nuclei ?%i, %5, 4ca, and ®Cu is being investi-
gated with the object of shedding light on the mechanism underlying absorption of negative muons. A sys~
tem of scintillation detectors and silicon surface-barrier detectors is used for that purpose. Separation of
the charged particles formed by masses was achieved for the first time. The measured energy spectra
decline exponentially and extend out to 50 MeV. The data obtained argue in favor of the cluster mechanism
of muon absorption in the surface layer of the nucleus.

The reporter also provided information on new developments in physics research equipment. The
facility known as YaSNAPP-1 (for nuclear spectroscopy on a beam of protons), for research with short-
lived isotopes, was successfully run through its physical startup in the laboratory. A spectrometer with a
projection spark chamber operating at high pressure was put into operation;' this spark chamber had been
proposed and designed at JINR. A more effective method of extracting protons from a synchrocyclotron,
resulting in doubling of the proton beam intensity, was worked out and realized in practice. Work is con-
tinuing on preparations for the rebuilding of the synchrocyclotron.

The Vice-Director of the Institute, Professor A. Michul, informed the Learned Council of the progress
of work on the JINR research program based on the Serpukhov accelerator.

Studies of photographic emulsions irradiated in a beam of high-energy negative pions are being con-
ducted in seventeen laboratories in member-nations of JINR. Equipment is being installed for irradiation
of photographic emulsions in a strong pulsed magnetic field. :

After the expansion system had been rebuilt and other improvements had been made, stable operating
conditions were achieved on the two-meter propane bubble chamber. A working exposure of the chamber
was begun on a beam of negative particles of 40 GeV/c momentum. Installation of a two-meter liquid-
hydrogen bubble chamber was completed. Control and thermostating systems, etc., were built into this
facility, which was subjected to hydrogen tests. A particle separated-particles channel was installed at the
accelerator working with this bubble chamber, and the magnet was rigged into place.

The Institute's scientists have prepared several experiments for the Serpukhov accelerator. A search
for new heavy particles and antinuclei is being undertaken with the participation of IFVE scientists and GDR
[East German] scientists. Equipment for experiments designed to search for the Dirac monopole has now
been almost completely installed. A complex facility for investigation of me-scattering with the object of
determining the form factor of the negatively charged pion is being adjusted. Polish, Rumanian, and
American scientists are taking part in this work, jointly with IFVE and JINR physicists. A team of IFVE
and JINR physicists has begun investigations of K'-meson interference in the light of K’-decay.

~ Other experiments are also being prepared, including investigations of polarization phenomena in
pion —nucleon scattering, and work is continuing on the building of the large general-purpose magnetic
spectrometer. g

Development of the collective method of acceleration is still underway at the Institute. V. P. Saran-
tsev reported on adjustments and physical tests of a section of the high-current linear accelerator built at
the Institute. A gas-focused electron beam with 600 A current was accelerated to 350 keV energy. An ac-
celerating section with thermal resonators was assembled.

Many of the work projects in progress have been linked to theoretical research on such problems as
the stability of a storage ring, radiation in transitional structures, and focusing,

The first experiments involving acceleration of a-particles on a model of a collective accelerator
demonstrated the need to improve the vacuum in the adherer chamber. Subsequent work resulted in attain-
ment of a 5-10-% torr vacuum. Several runs of a-particle acceleration were then carried out. Measure-
ments revealed that the energy of the accelerated a-particles was in excess of 20 MeV. The number of
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particles impinging on the target during the exposure time was 3-10° to 5-10? in different measurement
runs. These experiments proved that it is possible in principle to design an accelerator based on the col-
lective method of acceleration. :

The bulk of the work being done in the Laboratory of Computer Techniques and Automation has been
directed at broadening the computer and data-processing facilities and capabilities of the Institute, and
also at improving existing computers to make more effective use of them in research work. This work
was reported on by Professor M. G. Meshcheryakov. New computers have been commissioned at the labo-
ratory: the BESM-4 and several smaller machines of various types. Work is continuing on development
of a system linking the central BESM-6 digital computer to peripheral computers. A design project of a
multicomputer system for write-in and read-out of information in and out of a BESM-~6 computer through
the agency of TPA machines situated in the measuring centers of the various laboratories is being devel-
oped and realized in practice in joint work with the Central Physics Research Institute of Hungary.

Some of the machines are being modernized: the rapid-access memory has been expanded and spe-
cial communications channels have been set up linking the system with experimental equipment, data-pro-
cessing systems with multidimensional analyzers using computer rapid-access memory banks and standard
storage devices are being introduced.

As a result of improvements in the FORTRAN translator and in the Dubna monitor system used in the
BESM-6 computer system, translation has been speeded up by a factor of 1.5. The printing speed was
doubled with the delivery of a modernized dispatcher. The Dubna monitor system developed at the labora-
tory is now being used to set up data-processing systems in some other institute in JINR member-nations.

The HDP automatic scanner for processing chamber plates has been through the stage of comprehen~
sive adjustments and is being tested with real plates taken with a hydrogen bubble chamber. The develop-
ment of most of the electronic circuitry for the modules of the Spiral'nyi Izmeritel® [Spiral Measurer] auto-
matic scanner has been completed, and tests have been carried out on the optical —mechanical subassemblies
of the system. Two large examination and measurement tables set on line with the TPA computer have
been introduced into experimental operation.

Development of methods for visual display of data in computer readout has been given considerable
attention in the laboratory's program of research. At the present time, several computers are equipped
with oscillographs featuring a light pencil for data display, and more sophisticated models of data display
arrangements are being developed. A data display panel developed for the ELT automatic unit working
in unison with the magnetic drum of the BESM-4 computer was put into service, and opened up the possi-
bility of processing plates with visual monitoring of the process.

An extensive line of work has been completed at the laboratory on compiling computer programs,
first of all for large bubble chambers and physics research facilities operated on line with digital com-
puters in real time.

Academician I. M. Frank reported on the completion of redesign and modernization work on the basic
research facilities at the Neutron Physics Laboratory. An average power output of 25 kW was achieved
with the laboratory's new reactor, and this is ten times higher than the output of the laboratory's previous
reactor. A particle injector, a 30 MeV linear electron accelerator, was commissioned, and a system com-
prising a pulsed fast reactor plus the injector was put into service.

The startup of this new system made it possible to extend the study of o-decay of resonant states of
nuclei. An improved procedure was used in measurements of 11 resonances of the isotope target *’Sm
and 2 resonances of the target 1¥°Nd. Partial a-transitions to the ground state and several excited states
of parent nuclidés were observed. An analysis was carried out, for the first time, of a score of partial
widths (in groups of two tens).

Measurements of transmission and radiative capture of neutrons in uranium-238 were carried out
for resonances of energies up to 1200 eV. These experiments were completed on a single detector, which
is a new variant of the 260 liter methylborate liquid scintillation detector. The data obtained, in contrast
to existing literature data, indicate constant radiation widths for the several resonances of uranium-238.
The Doppler effect on uranium-238 was investigated in work done jointly at the Power Physics Institute
[FI§I] (Obninsk) and at the Central Nuclear Research Institute (Rossendorf, German Democratic Republic).
Characteristics of the temperature dependence of the transmission function were measured, and are im-
portant for fast reactor safety design.
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Investigations of the ne-interaction are undergoing further development at the laboratory by a new
technique: observation of neutron diffraction on a tungsten-186 single crystal.

Procedures and equipment for studying neutron diffraction in condensed media immersed in an ex-
ternally applied high~-intensity magnetic field are being improved. The measurements with hematite are
continuing. The spectra of inelastic noncoherent scattering in several molecular crystals have been mea-
sured with an inverse~geometry spectrometer. Magnetic materials are undergoing continuing study with
the aid of inelastic neutron scattering.

A channel of ultracold neutrons has been set up and put into service at the IBR-30 pulsed fast reactor
for the purpose of developing experiments now in progress at the laboratory. Investigations of the yield
of ultracold neutrons on different converters at different temperatures have begun.

Work connected with the design of the new IBR-2 fast power reactor with an injector is being con-
tinued, and programs of physics research using that reactor-injector system are being prepared. The
building and accessories complex for the IBR-2 reactor are being designed.

Results of research completed at the Nuclear Reactions Laboratory were reported by Academician
G. N. Flerov. Several experiments have been carried out in the laboratory in searches for superheavy
elements in nature. Searches for new transuranium elements in lead glass‘and in galenite were conducted
in a salt mine at depths of 40 m and 320 m water equivalent, under very low background conditions. Searches
for a natural emitter were conducted in various minerals by the method of large proportional counters.
About 10 tons of concretions have been obtained from various regions of the Pacific Ocean. Measurements
carried out with these specimens by the method of dielectric detectors indicate a possible content of natu-
rally occurring spontaneously fissioning emitter.

Improvements have been carried out on the design of a source of zinc ions at the laboratory, and ex-
periments were set up to synthesize superheavy isotopes with atomic numbers in the neighborhood of 125,

Experiments on the synthesis and investigation of physical and chemical properties of element 105
have been successfully completed. When 243Am was irradiated with accelerated ?2Ne ions, an emitter of
spontaneous fission fragments with a half-life 1.8 + 0.6 sec was recorded. The yield of the isotope corre-
sponds to a production cross section of 5-10734 cm?. A study of the angular distribution of the recoil
nuclei, and control experiments, showed that the new isotope has the atomic number 105. An investigation
of the excitation function provided independent confirmation of that finding, The most probable mass num -
ber of the new element is 261. An improved experimental arrangement was brought into play in studies of
the a-decay of isotopes of the new element. Results of an analysis of amplitude—time correlations pro-
vide some basis for inferring that the a-decay of the nuclides 26°105 and 261105 was actually observed. In
experiments designed for chemical identification of element 105, success was obtained in recording 18
atoms of the new element. Its properties are close to those predicted for the element eka-tantalum.

A gas-filled mass separator was used in searches for a new phenomenon: proton decay of nuclei
from the ground state. Emitters of delayed protons were recorded in all instances when separated iso-
topes **Ru,1”Pd,1%Cd, and 112Sn were irradiated by accelerated S and 35Cl ions, and these emitters were
found to be unidentified isotopes of the rare earths. Investigations of spontaneously fissioning isomers
are also being continued over a broad range of masses of nuclei.

Eleven new neutron-~deficient nuclides of light elements were synthesized: 18C, 2°N, %N, 220, 230,
o, 23, 2y, 25F, 2Ne, and %$Ne, and the regularities of the formation of these nuclides in reactions with
heavy ions were investigated. Experimental proofs of the nuclear instability of 14Be were forthcoming in
experiments designed to search for the boundary of nuclear stability of nuclei superenriched with neutrons.
A method developed at Dubna and based on utilization of thin semiconductor detectors (~10 u) of high en-
ergy resolution, and a magnetic analyzer, was employed in those experiments.

A separate report by Professor A. Michul dealt with international collaboration between JINR and
other scientific research centers. Over the course of the year, the laboratories of the Institute have con-
ducted about 250 scientific projects in joint work with research centers in JINR member-nations. A total
of 250 Institute specialists have traveled to member-nations to do joint work, give lectures, and participate
in conferences, and 160 scientists have been assigned to other countries for varying periods of work. JINR
has accepted 360 scientists from JINR member-nations and 150 scientists from other nations. The col-~
leagues of the Institute have acted as participants in 60 international and national scientific conferences and
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gatherings held in the USSR, Poland, the German Democratic Republic, Hungary, Rumania, France, Italy,
and other countries, including the XV International Conference on High-Energy Physics in Kiev, which was
‘the largest gathering of physicists staged during 1970.
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THE IV ALL-UNION CONFERENCE ON HEAT EXCHANGE
AND HYDRAULIC RESISTANCE

E. V. Firsova and B. L. Paskar!'

The IV All-Union Conference on heat exchange and hydraulic resistance in two-phase flow in the ele-
ments of power machinery and apparatus was held in Leningrad in January, 1971. The 650 delegates par-
ticipating in the conference represented 123 scientific research organizations, institutions of higher learn-
ing, factories, electric power stations, and design engineering enterprises.

The participants in the plenary meeting heard reports by B. S. Petukhov on "Heat exchange in turbu-
lent flow of a liquid in a single-phase near-critical region," by V. M. Borishanskii on "Current ideas con-
cerning the thermal design of a steam-generating surface," and by M. E. Deich on "Characteristics of the
flow of two-phase media in flow-through parts of turbines." '

The work of the conference was divided into two sections: 1) heat exchange and hydrodynamics in
boiling, condensation, and evaporation: heat exchange and hydrodynamics in the near=critical region; 2)
heat exchange and hydrodynamics in organized two-phase flow, and heat exchange crises.

A distinguishing feature of the conference was that a limited number of reports were heard at the
meetings. These reports were in the nature of surveys of fundamental problems: a) hydrodynamic charac-
teristics in two-phase flow in channels of various shapes, and heat-exchange crises during boiling; b) theo-
retical and experimental investigations of boiling regimes, phase distribution, temperature fields, and true
volumetric steam content values in nonequilibrium and equilibrium flows; investigation of the stability of
two-phase flows; c¢) the temperature regime of a surface in the postcrisis region; d) thermal hydrody-
namic characteristics of once-through potassium-vapor steam generators; e) the removal of small admix-
tures of condensing vapors from a current of inert gas (a series of investigations connected with the de-
velopment of MGD installations), and others. '

An important place in the program of the Conference was given to reports on the characteristics of
high-speed nonequilibrium two-phase flows in the presence of condensation as related to stages of turbines
operating with saturated and moist steam.

Of special interest were the reports devoted to heat-exchange crises in steam-generating channels
and the calculation of the temperature regime of heat transfer surfaces in all zones of the precrisis region
of a two-phase flow. The advances made in the investigation of two-phase flows of liquid-metal coolants
have made it possible to work out designs for steam-generating channels with stable overheating. Such
channels use special intensifiers by means of which the crisis regimes of operation can be avoided.

The reports presented gave reason for optimism concerning the possibility of removing metallic im-
purities from a current of inert gas by condensation. It was shown that under optimum conditions of opera-
tion it is possible to condense and remove up to 70% of the metallic impurity.

The reports were followed by a discussion. It provided an opportunity for a broader exchange of
views on difficult problems and for the coordination of scientific research among various organizations.

Translated from Atomnaya ﬁnergiya, Vol. 31, No. 2, p. 170, August, 1971.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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IT ALL-UNION CONFERENCE ON CHARGED-PARTICLE ACCELERATORS

V. S. Rybalko

The II All-Union Conference on charged-particle accelerators was held in Moscow in November,
1970, under the joint auspices of the Academy of Sciences of the USSR and the USSR State Committee on the
Peaceful Uses of Atomic Energy.

The conference attracted participation from 450-odd Soviet specialists representing 54 scientific re-
search organizations, 13 specialists from other socialist countries, and 23 specialists from research cen-
ters in the capitalist countries. The agenda was crammed full of pertinent topics. A total of 175 reports
and papers were submitted to the organizing committee, including 26 papers from foreign scientists. ‘A
total of 115 reports and papers were delivered at the sessions and seminars held during the conference.
The scientific and engineering problems discussed in the field of accelerator practice and theory were
grouped around the following basic trends deciding the topical agendas of the 12 plenary sessions scheduled
at the conference: 1) comparative characteristics of accelerators of different types from the standpoint of
physical experimentation; 2) the status of accelerators of different types, and designs and plans for new
machines and redesign and rebuilding of existing machines; 3) direct-voltage accelerators, ion sources
and electron sources; 4) electromagnets for accelerators and power supplies for accelerator electromag-
nets, magnetic measurements; 5) collective methods of acceleration; 6) superconducting elements in ac—
celerators; 7) dynamics of particles in accelerators, storage rings, and colliding-beam machines (two
sessions of these topics); 8) radio electronics of accelerators, systems for measuring beam parameters;
9) high-power radio electronic devices and accelerating systems; 10) targets, beam separation and beam
transport, beam injection and extraction; 11) computer monitoring and control of accelerator performance.

_ -Seven seminars were held parallel with the deliberations of the conference sessions, to provide time
for detailed discussions of specific topics relating to collective methods of acceleration, scientific and en-
gineering problems in the design and building of fast boosters, the utilization of superconductivity in linear
electron accelerators, coherent beam instability in accelerators and storage rings, etc.

Modern trends in the development of accelerators are determined by the efforts of scientists to pur-
sue investigations of fundamental processes in increasingly higher energy ranges and steadily smaller
cross sections. These efforts on the part of physicists were demonstrated in a report by A. A. Komar de-
voted to analysis of possible trends in physics research on accelerators of the future.

The scientific feasibility of designing accelerators for energies of hundreds and thousands of billions
of electron-volts is not open to doubt at the present time, and practical advances in the region of such higher
energies is linked more and more intimately with the use of superconducting magnets.

There were several papers devoted to plans and designs for ultrahigh-energy proton accelerators.

A. A. Vasil'ev reported on the status of research and development work on cybernetic accelerators,
and forthcoming applications of superconducting magnets in such machines. One negative feature of modern
superconducting cableware is the need to greatly increase theduration of the cycle of magnetic field varia-
tion in order to minimize energy losses in the superconductor, and end up with a magnet cycle duration much
shorter than that characterizing magnets using ordinary conductors. As the duration of the magnet cycle is
lengthened, however, the cost of the accelerating system skyrockets upward, and the possibility of using
proton synchrotrons as injectors appears on the horizon. Similar arguments were adduced in a paper by
Prof. R. Martin (Argonne National Laboratory, USA), where it was noted that the intensity of accelerators
of that type could attain levels of 10! to 10! protons per burst.

Translated from Atomnaya I:Jnergiya, Vol. 31, No. 2, pp. 171-173, August, 1971.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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There was no report at the conference on the status of work on the construction of the 200 GeV pro-
ton synchrotron at Batavia (USA); In a private talk, Prof. Martin presented a viewing of slide transparen-
cies giving some idea of the fast pace of construction work on this accelerator.

Keen interest was shown in a report by N. A. Monoszon on the design characteristies of synchrotrons
designed for energies from 35 to 350 GeV, with commutable superconducting dc magnets. This paper dealt
with certain difficulties stemming from complications in the dynamics of particle motion and from the rigid
tolerances imposed on magnet displacement, and these are problems which will have to be solved in the
course of future research. '

Experimental investigations of superconducting magnets with coils made of thin-core niobium —titan-
ium alloy base wire, and also investigations of cryogenic magnets with coils made of ultrapure aluminum,
are being conducted on a broad scale in many acceleration research centers and accelerator facilities.

Work is being done at Karlsruhe (West Germany) within the framework of a program of study of a
second-line 300 GeV accelerator (a CERN machine), in which the energy of the accelerated protons is to
be 600 to 1000 GeV, which is to be achieved by replacing the conventional magnets with superconducting
magnets., Pulsed superconducting dipole magnets with fields up to 50 kG are being fabricated and investi-
gated at Karlsruhe, as well as cryogenic magnets with iron yokes and fields to 40 kG.

The next goal on the superconductivity research agenda at Rutherford Laboratory (Britain) concerns
development of a redesign and modernization project for the 7 GeV accelerator, with the object of increas-
ing the accelerator energy to 25 GeV while retaining the same machine radius.

A doublet of superconducting quadrupole lenses with aperture radius 10 cm and gradient 3.5 kG/cm
has been fabricated at Saclay (France), and is being used effectively in the focusing system handling meson
beams.

Soviet scientists reported on calculations and experiments centered around the design of supercon~
ducting magnets, and determination of losses in superconductors immersed in pulsed magnetic fields.

The conference audience displayed no less interest in reports on plans for improvements in existing
accelerators, improved operational reliability of existing accelerators, and higher beam intensities.

A report presented by Yu. M. Ado et al. announced that the world's largest proton synchrotron, the
IFVE 76 GeV machine, has been operating stably for the past year at a mean accelerated beam intensity
of 7.5-10!! protons per burst. The utilization factor of the accelerator for physical experiments has
hovered around 82%. This attests to the high reliability of the accelerator and its multiplicity of auxiliary
and accessory systems. A plan is being worked out to achieve substantial increases in the intensity of the
accelerated beam (up to 5-10!3 protons per burst) on the basis of using an intermediate 1.5 GeV booster
accelerator. Separate reports dealt with the development of the various systems for this booster acceler-
ator.

E. A. Myae reported on research conducted at the IFVfJ accelerator to look into the possibility of
going past the parametric resonance region by way of an incoherent coulomb shift of the betratron oscilla-
tions. It was demonstrated experimentally that this approach would not involve exorbitant particle losses
when careful correction is made for resonance perturbations (narrowing the existing resonance bandwidth
by one order of magnitude).

A new pulsed injector has been developed at the site of the world's largest linear electron accelera-
tor, the 22 GeV Stanford (USA) machine, and high power klystrons (30 MW tubes) have been developed for
the system. The possibility of replacing the existing accelerating waveguides by superconducting compo-
nents, which could mean increasing the electron energy to 100 GeV when working with a duty factor of 6%,
or continuous operation with the electron energy at about 25 GeV, is being examined.

G. S. Kazanskii shed light on several topics associated with the conversion of the JINR proton syn-
chrotron ("synchrophasotron") to deuteron acceleration. Acceleration of deuterons to such high energies
(on the order of 11 GeV) was achieved for the first time anywhere in the world, and this will unquestionably
expand the experimental capabilities available to high-energy physics. The possibility of accelerating
a-particles and heavier ions on the synchrophasotron machine is also being examined.

Slow extraction of a beam of electrons with a stretching time of 2.5 msec was achieved at the Erevan
electron synchrotron. ‘

899

Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2




Declassified and Approved For Release 2013/02/26 : CIA-RDP10-02196R000300090001-2

Experiments using a nonlinear regenerative system of beam extraction were conducted at the synchro-
cyclotron of the Physicotechnical Institute of the USSR Academy of Sciences [FTI AN SSSR] (Leningrad),
and high extraction efficiency (25%) was achieved in combination with excellent extracted beam quality.

Work on redesigning the 680 MeV synchrocyclotron is in progress at JINR, with the object of convert-
ing the machine to a high-current synchrocyclotron with spatially varied magnetic field. Two reports were
presented to the conference dealing with simulation of the magnetic and radio-frequency systems of the
high~current synchrocyclotron.

Of the papers devoted to low-energy accelerators, the one that excited the greatest interest was sub-
mitted by V. A. Slobodyanyuk, dealing with a project for a continuous-wave microtron of 12 MeV energy for
the Power Physics Institute (FEI). The radio-frequency power source for this machine will be a novel
magnetron type oscillator, known as a nigatron with 150 kW power. This accelerator is simple in de-
sign and will prove useful in the study of the structure of the atomic nucleus, and in radiation physics re-
search. '

Considerable attention was given, in the deliberations of the conference, to scientific and engineering
problems concerning penetration into the region of ultrahigh interaction energies via the colliding-beam
method. Here we may mention the reports submitted by the Institute of Nuclear Physics of the Siberian
Division of the USSR Academy of Sciences [IYaF SO AN SSSR], and in particular a communication delivered
by R. A. Salimov on the building of an experimental facility for work on electron cooling on the VEPP-3
storage ring system.

A report submitted by Prof. W. Entschke (CERN director) and read by F. Ferger, dealing with the
physics program for proton storage rings, presented an idea of colliding-beam experiments which will be
underway as part of the CERN program in the near future. A proton beam injection energy of 15 GeV has .
been selected for adjustments of the storage rings, since that would not require corrections of the magnetic
field of the storage rings. '

Topics relating to new systems of centralized digital monitoring and control of accelerators, methods
for measuring phase volume and space-time characteristics of beams, noncontacting measurements of
beam current using the Hall effect, and similar topics, were discussed at the session devoted to the radio
electronics of particle accelerators.

As usual, a large number of reports were presented on the dynamics of particles in accelerators and
storage rings, so that two sessions had to be set aside for reading them. Here we may mention the re-
ports by V. A. Teplyakov on high~frequency quadrupole focusing in linear accelerators; by V. V. Petrenko
on longitudinal compression of bunches; by M. Barton on instabilities in the radio-frequency system of the
Brookhaven synchrotron due to beam loading features, and so forth. Some of the results dealt with theo-
retical investigations of space charge effects and special features of particle dynamics in specific accele-
rators. Numerical methods for simulating the motion of particles in accelerators by means of electronic
computers figured prominently in these papers, alongside analytical techniques.

Computational techniques and computer mathematical simulation of the magnetic fields of iron mag-
nets and ironless magnets also occupied a prominent place in the discussion of accelerator design. These
" topics were aired at a session devoted to electromagnets in accelerators. The topical content of the other
reports read at that session dealt with features of the power supplies systems for the electromagnets, par-
ticularly the electromagnets employed in fast boosters, and also equipment for taking magnetic measure-
ments.

Several interesting papers were submitted on accelerating systems. V. M. Pirozhenko delivered a
report on investigations of a new m/2-wave accelerating structure, in the form of a resonator cavity with
conducting disks and diaphragms. As the experiments revealed, the proposed structure is vastly superior
to known accelerating structures in terms of the degree of coupling between different cells, and also in
terms of the magnitude of the shunt impedance where it is practically on the same level of quality as other
familiar structures. This type of structure can be used in high-energy linear proton accelerators, and
specifically in meson factories.

A. I. Kvasha reported on the results of experiments probing compensation of fall-off in the accelerat-
ing field in the linac injector of the Serpukhov synchrotron. Total compensation of the power carried off by
a beam with current to 80 mA /burst and burst duration to 40 usec was achieved.
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A method of coherent acceleration of ions with the aid of electron rings, proposed by Academician
V. 1. Veksler, has now become a basic trend of research in the field of new acceleration techniques. Ex-
perimental work aimed at devising accelerator facilities based on that principle is being pursued intensively
not only in the USSR, but in many foreign laboratories as well. Naturally, discussion of topics relating to
collective methods of acceleration took up a large part of the conference deliberations. V. P. Sarantsev
gave an account of the latest achievements in this comparatively ycung branch of accelerator engineering in
his report entitled "Collective ion accelerators — a new tool in the physics of elementary particles." Ex-
perimental work on a model of a collective accelerator is continuing at JINR. Following the successful
acceleration of nitrogen ions a year ago, a decision was made to attempt acceleration of a-particles. This
necessitated refashioning the gas evacuation and admission system. All systems in the model are now
ready for the experiments on acceleration of a-particles., By mid-1971, installation of the radio-frequency
system for accelerating electron rings on thermal resonators will be completed. We would also mention
some reports on a new type of electron accelerator, the 3.5 MeV linear induction accelerator with maxi-
mum pulsed current 2 kA, Impressive progress has been recorded in devising the component systems for
the future high-power accelerator dubbed the kol'tsetron ["ringatron"]. An average ion-accelerating field
of ~2 MeV/cm will be achieved in the cryogenic radio-frequency section that has been developed for this
system. Superconducting resonators and solenoids establishing a longitudinal magnetic field of ~20 kG
are being used.

G. Peterson reported on the program drawn up at the Lawrence Radiation Laboratory (Berkeley,
USA) on electron ring accelerators, and W. Heintz gave an account of work underway on electron ring ac-
celerators at Karlsruhe (West Germany). Some interesting theoretical work on synchrotron radiation by
electron rings and on coupling resonances of transverse oscillations in annular beams was reported by C.
Pelligrini (Frascati, Italy) and by D. G. Koshkarev, respectively.

A large number of reports was presented at the session on direct-acting accelerators, ion sources,
and electron sources. Some topics of importance in accelerator work, dealing with production of high-
intensity ion and electron beams, beams of polarized ions, stable operating conditions for high-current
direct-acting pulsed accelerators, etc., were discussed. :

Plans for general improvements and reliability improvements in large accelerations are to an in-
creasing extent featuring automatic control systems and automatic monitoring systems incorporating
general-purpose computers and control computers. A special session was devoted fully to discussion of
computerized automation of accelerators at this conference, for the first time.

A. A. Kuz'min reported on the principle underlying the automation of the Serpukhov accelerator. A
functional principle allowing for automation of individual systems without disturbing the performance of the
accelerator when these individual systems are joined together into a unified complex controlled by a cen-
tral computer has been proposed.. V. I. Kolosov reported on planned automation of the linear accelerator
of the Physics and Engineering Institute of the Ukrainian SSR Academy of Sciences (FTI AN USSR). The
accelerator is to be automated in three stages. In the first stage, centralized control of accelerator sys-
tems by means of the Dnepr-2 computer will be instituted. The second stage envisages use of the com-
puter to maintain beam parameters at set point, test out prognosis and diagnostic programs. In the third
stage, there is to be a gradual change-over to fully automated control with a self-adaptive program.

Yu. 8. Kuz'min gave an account of an automatic complex for control of a model of a 1 GeV cybernetic
accelerator at the RAI AN SSR Institute. Here functional monitoring of the accelerator parameters and
control of the performance of automatic correction systems will be handled by two general-purpose Dnepr-~1
digital computers. The information obtained will also be written into storage units on magnetic tapes, and
in case of need these records will be available for transfer to a No. 6 high-speed computer for more
complex processing.

The conference proceedings took place in a cordial and friendly setting, and numerous private talks
and meetings in the corridors contributed to broadening of businesslike scientific ties between scientists
of the different countries present. A visit to the prinecipal accelerator centers of the Soviet Union was ar-
ranged for the foreign participants at the conference.
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ACCELERATORS IN THE NATIONAL ECONOMY AND
IN MEDICINE

L. G. Zolinova

By joint decision of the Academy of Sciences of the USSR and the USSR State Committee on the Peace-
ful Uses of Atomic Energy, the I All-Union Science and Engineering Conference on the use of charged-
particle accelerators in the national economy and in medicine was held in Leningrad in February, 1971.
There were 400 or so participants at the conference from various districts of the Soviet Union and from the
socialist countries.

A total of 120 papers were discussed, their contents being distributed over the following headings:

‘1) designs and parameters of accelerators developed by different organizations for practical applications;

2) industrial radiation processes realized with the aid of accelerators; 3) use of accelerators in medicine,
in biology, and in agriculture.

Industrial plants and scientific research agencies in our country have developed and have built ac-
celerators (betatrons, linear accelerators, microtrons, neutron generators, resonant transformers, and so
forth), and these sources can be used in various branches of industry.

Table 1 lists some information on some of the accelerators whose characteristics were discussed at
the conference.

Industrial radiation processes, nondestructive flaw detection, and activation analysis were among the
conference topics. The reports discussed research findings on applications of accelerators in realizations
of industrial technology, in such processes as: curing of glass fiber reinforced plastics, production of rub-
ber grades with special surface properties, and production of wares made from irradiated polyethylene.

Some of the papers dealt with radiation flaw detection of steel parts and structures. It was reported,
in one of these papers, that regular use of a betratron facility for transmission flaw detection at the Barnaul
boiler works has resulted in a drastic improvement in the quality of the equipment manufactured at that
plant, so that the users of this equipment can count on annual savings totaling about 500,000 rubles. The
reports also brought out the fact that the use of linear accelerators for radiography greatly shortens ex-
posure time and makes it possible to obtain x-ray plates when inspecting steel parts and structures 400 mm

TABLE 1. Microtron Characteristics

Wave |Electron | Beam Output
A t length, |energy. | current,| power, Application
ccelerator cmg eV LA o PP
Flaw-det‘ection micro- 10 10 50 500 | Flaw detection (2000 R
tron /m/min)
Tikker microtron 10 5—20 | 100—25 500 | Research, activation
analysis
Radiological microtron 10 30 15 Medical radiology (350
R/m/min)
The same 3 16 2 100 | The same
flekionika microtron 5 10 1—(5) 200 | Research
FEI microtron 20 15 2000 | 20000 .

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 173-176, August, 1971.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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TABLE 2. Characteristics of Linear Accelerators

Intensity of |Intensity of
Energy of bremsstrah-~ |bremsstrah-
T ¢ - gl red Energy Average  [lung (unfil-"{yng (fitter- |-
ype of accelnaccelerated| 1 irol power out-[t€red) at ed) at dis- Remarks
‘erator electrons, distance 1 l¢apce of 1 :
MeV range,MeV ] put,tkW  Imeter from |merer from
target, mR/m|target, R/m
I]:(d -88_55V 8 4—12 5—17 - For sterilization of medical
-o- 8 8—10 o — wares, -in radiation
LUE-15-10 13 5—15 To 10 — } chemistry
Lug-10/1 . 10 3—10 — 2000 — Nondestructive testing
" LUE-15/15 15 5—15 — 10000 — The same
U-13* 10 510 _ Scientific research
%8 + 2 — - .

LUE-5 5 - To 200 Therapy of malignant neo-
plasms and medico-biolo-
gical research

LUE-25 25 1025 600--800 | The same

* Current in pulse to 50 mA,
t Current in pulse to 250 mA.

TABLE 3. Characteristics of Betatrons thick in times from 10 sec to 10 min. It has also been
- - possible to inspect steel parts and structures up to 600
Peak enctgy ;';t:m":zagf_ mm thick by transmission of X-rays in a practically ac-
Type of be-|of accelera{lung at dis- v ceptable time period (from 15 min to 1.5 h). T.he ser.ls1-
tatron ted elec- ltance of 1 Remarks tivity of the radiographic method of flaw detection using
trons (MeV) [meter from linear accelerators is about 1%.
target, r/m Note was made of the effectiveness of using acceler-
‘ ators for activation analysis of oxygen content and nitro-
B-15 (TPD) 42 5 A‘f;i;'smon anas gen in nonferrous metals and semiconducting matemals,
U:JCSh/(TPI) 52,5 ' 528 Tf:e same with the aid of the NG-150 neutron generator,
gl\,‘?’g_(; 3&2 38 Nondestr. test. Several thousand analyses were run on an automated
B-1M~45 45 125 Nondestr. test. facility designed by GIRIDmet, NIIEFA, and FIAN. A sen-
DaM-25 P 63&)80 Medicine sitivity of 10™ to 5-107¢ wt. % was obtained in determina-

tions of oxygen and nitrogen, with reproducibility of re-
sults to within'1 to 209 for contents from 0.1 to 5-10~%

wt.%. Savings resulting from the regular use of one such facility at a titanium — magnesmm plant totaled
500,000 rubles annually.

Other papers reported on the use of accelerators for inspection of welded joints in piping of large
diameter, and also for inspection of electron-beam welding work (where the electron beam is the sole
source of heat, so that welds can be made over a broad range of thicknesses from tenths to hundredths of

a millimeter, and joining virtually any materials), and for the study of stability of semiconductor products
to 1rrad1at1on

Use of Accelerators in Agriculture, Biology, and Medicine

A whole group of papers was devoted to the ‘applications of accelerators for processing grain with
dosages of 10 to 20 krad. It was reported that facilities for destroying insect infestation of grain based on
the ELT-1 and ELIT-1 accelerators have been developed. (The Institute of Nuclear Physics of the Siberian
Division of the USSR Academy of Sciences [IYaF SO AN SSSR] developed these facilities.) Work is in prog-
ress on irradiating potato tubers (using the KGE-2.5 and EG-5-E accelerators) for the purpose of pre-
sowing stimulation of the potato and preventing germination of tubers during long-term storage. Results of
* this research provide evidence that electron irradiation of potato seed and commodity potatoes using elec-
trons of comparatively low energies (0.7 to 1.0 MeV) shows rather excellent promise as a practical appli-
cation. One interesting feature of this type of irradiation is that only the surface parts of the potato tuber
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TABLE 4. Characteristics of High-Power become affected by the irradiation, to a depth of about 4
Direct-Voltage Electron Accelerators mm., When tubers are irradiated with dosages of 10 to 20
Average krad, the storage times of the potatoes can be extended
Type of acceler- |Energy, |\ "~ pow- Pulsed beam impressively, all the way till the next crop is ready, be-
ator MeV er, kW power, kW cause germination processes are inhibited by the radiation
treatment. At the present time, the most highly developed
RTD-1* (1) ; g 157; process is irradiation of potatoes for long-term storage.
?g%t:rgri §5 13 }18888 . Applications of acceler.at.ors in medicine, a topic
TEUS-1.5 1,2 150 quite popular among the participants of the conference,
KGE-2.5 2,5 20 20 was the subject of a report by N. N. Aleksandrov (Scientific

Research Institute for Oncology and Medical Radiology,
Minsk). It was pointed out in this report that one of the
basic principles in the radiation therapy of malignancies

is the trend toward bringing about conditions to maximize
the concentration of absorbed energy of ionizing radiation in the tumor while minimizing the effect exerted
by that radiation on healthy tissues and organs. Practice has shown that best clinical results are secured -
through combined treatment of malignant tumors where irradiation is carried out before the surgical opera-
tion and after it, However, when treating cancer in some organs and tissues, it is possible to use the ioniz-
ing radiations with no surgical intervention at all. Electron accelerators producing powerful beams of
electrons and x-rays have been used successfully in radiation therapy of cancers.

*Resonant transformer.
T Electronic pulse transformer.

There are now over ten medical accelerators in the USSR capable of generating fast electrons and
bremsstrahlung. The peak electron energy attainable with those accelerators ranges from 4 to 45 MeV.
Foreign accelerators exhibit more or less the same range of energies.

In discussing the problem of how to integrate electron accelerators into radiation therapy practice,
there is some significance in the question of preference in the selection of a betatron or a linear acceler-
ator. Comparative estimates of the advantages gained in using the LUE-25 medical linear accelerator
and the Siemens 42 MeV betatron have been made. One clear advantage of the linear accelerator is that it
is possible to attain high values for the bremsstrahlung dose rate, with smooth variation of the limiting
energy of that radiation over a broad range. Control of bremsstrahlung energy is difficult to achieve in
practice with a betatron, since the dose rate at the betatron exit declines abruptly in response to a fall-off
in the energy of electrons impinging on the target.

As a comparative estimate of data obtained in tests of these machines in Belorussia has shown, each
of the machines has its own advantages and disadvantages. We may also note that the basic criteria for
judging the effectiveness of their use, as governed by both the physical properties of the radiation generated
and by the performance of the machines under conditions where large numbers of patients have to be treated,
are quite similar. Although it had been assumed earlier that many of these criteria were inherent only in
betatrons (reliability in service, fidelity of data in dosimetric measurements, availability of technical know-
how and servicing equipment), there is now every reason to assume that these characteristics as found in
linear accelerators will come close to their counterparts in betatrons.

An important survey of the research done at Minsk is provided by the results of a comparison of
methods for generating large radiation fields with the aid of those machines. Large fields of electron ra-
diation are generated in all existing accelerators by scattering the electron beam on foils. But these fields
are brought about with the aid of electromagnetic lenses in the case of the LUE-25 linear electron acceler-
ator designed at the D. V. Efremov Scientific Research Institute for Electrophysical Equipment [NIIEFA).
The investigations revealed that a decrease of electron energy occurs in the first method (i.e., when foils
are used). The fact that this decrease in energy is different under different radiation conditions is also of
great importance. For example, the use of different radiation fields may bring about a decrease in radia-
tion energy over a range from 0.1 to 1.5-2.5 MeV. In other words, when different fields are used in radia-
tion therapy, even at the same energy of the electrons striking the foil, electrons having different energies
will reach the patient. Moreover, there will be a broadening of the energy distribution of the electrons,
which will result in a change in the dose distribution in the object irradiated. Another important fact to
consider is that the presence of scattering foils will increase the admixture of bremsstrahlung in the elec-
tron beam. In that respect the method of electron-optics shaping of fields, which is the one used in the
Soviet LUE-25 electron accelerator, shows greater promise, even though it requires more careful adjust-
ment of the system.
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The results of practical work allow us to state that the use of radiations generated in electron accel -
erators satisfies the requirements of radiation teletherapy quite thoroughly. But data accumulated in clin-
ical radiology and oncology pose new problems before designers of radiological equipment.

The problem faced by designers is how to design new accelerators which will be automated to a sig-
nificant extent, and which will feature general-purpose devices for 1rrad1at1ng different organs and achiev-
ing many distinct variants of irradiation settings. At the present time, NIIEFA designers are engaged in
development work on accelerators meeting that description.

In addition to electron accelerators capable of generating powerful beams of electrons and x-rays, a
method of radiation therapy using a high-energy proton beam, somewhere of the order of 100 to 200 MeV,
is being developed in the Soviet Union.

Other topics such as radiation safety, high—-flux dosimetry, and so on, were discussed in some of the
reports.,

]
\
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THE FRANCO-SOVIET COLLOQUIUM ON FAST-REACTOR TECHNOLOGY

Yu. E. Bagdasarov and O. D. Kazachkovskii

The Franco-Soviet Colloquium on Fast-Reactor Technology was held on November 18 and 28, 1970, at
Saclay and Cadarache. The program of the Colloquium also included familiarization of the Soviet delega~
tion with the Rhapsodie reactor, with the Phoenix reactor (now under construction), sodium stands for the
thermophysical investigation of various technological problems, and tests of equipment used at the Chatou,
' Grand—-Quevilly and Renardier reactors. '

The Soviet delegation included O. D. Kazachkovskii, A. K. Kruglov, L. A. Alekhin, Yu. E. Bagdasarov,
D. S. Yurchenko, V. P. Kevrolev, V. V. Kurilkin, and A. N. Egorov. French experts who presented reports
and participated in the discussions included Carle, Robin, Leduc, Goujin, Delisle, Cauvin, Gajac, Zalessky,
and others. '

Among the questions discussed the most interesting ones are the following.

1. Experience with the testing of various models of sodium —water —steam boilers; the development
of designs for steam boilers to be used in the Phoenix reactor and future atomic power stations with fast
reactors; experimental and calculated investigation of processes taking place in the second loop when
large-scale breaks occur in the heat transfer tubes; the experimental study of small leaks. It was noted -
that when proper steps are taken to remove the products of the water —sodium reaction, a large leak in one
of the tubes does not lead to failure in the adjacent ones. A physical and mathematical description of the
processes taking place in such a case was given. It was shown that the calculated and experimental curves
of the variation in the main parameters (pressure, temperature) at characteristic points of the loop (the
site of the leak and the buffer volume) are in satisfactory agreement with one another. Also noted was a
trend toward full-scale testing of steam-generator modules on high-power test stands, and the search for
and introduction of new steam-generator structural materials which would be resistant to corrosion both
in water and in sodium containing a high percentage of sodium —water reaction products.

2. The development of high-powered atomic power stations using fast reactors: the economic opti-
mization of active zones, the basic choices for the design and arrangement of the first loop, and the opti-
mum parameters of an atomic power station. A characteristic of the French studies was that the param-
eters were optimized only with respect to the cost of the electrical energy generated (the problems of ob~-
taining a maximum possible reproduction factor and minimum doubling time were considered secondary).
Optimization in the Soviet Union, as is known, is based not only on the cost criterion but also on the value
of the doubling time.

3. Experience in designing, testing, and operating the main technological equipment: pumps, heat
exchangers, and the armature.

Contradictory trends were noted in the methods of compensation for temperature expansion in the
tubes with respect to the shells of the intermediate heat exchangers. While in the USSR and most other
countries this difference in expansion values is compensated by curving the tubes, French spacialists con-
sider it possible to leave the heat exchange tubes straight. This appears possible because the maximum
temperature difference between the structural elements not only in stationary processes but also in any
possible transitional processes, according to the calculations cited, does not exceed 24°C. Thermal tests
of shell-and-tube heat exchangers conducted in France showed very good agreement (within about 1%) be-
tween the experimental and calculated heat transfer coefficients. Valves for sodium loops with a freezing
belt around the coupling were found to operate satisfactorily. Speakers emphasized the desirability of de-
signing pumps with two intake tubes. ‘

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 176-178, August, 1971.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for §15.00.
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4. Experience with fuel-element operation in the BR~5 and Rhapsodié reactors. The highly satisfac~
tory operation of uranium monocarbide fuel elements in the BR-5 reactor and oxide fuel elements in the
Rhapsodie reactor was noted. As is known, long experience with the operation of the BR-5 reactor using
oxide fuel (first charge), which has a burnup value of up to 7%, provided the necessary data for designing
the fuel elements of the BN-350 and BN-600 reactors. Favorable experience with oxide fuel accumulated
in the Rhapsodie reactor supports the conclusions arrived at on the basis of operation of the BR-5.

In the Soviet report, based on operation of the BR-5 reactor, it was pointed out that 0Kh16N15 M3B
steel had been found to be much better for use in the shells of monocarbide fuel elements than 0Kh18N9T
steel. ' :

It was noted that the activity buildup curves for the loops of the BR-5 and Rhapsodie reactors after
rupture of the hermetic seal in fuel elements were very similar. The nature of the failure of oxide fuel
element shells in both reactors and the composition of the impurities in the gas blanket were also almost
identical.

5, Experience with the operation of the Rhapsodie reactor and start-up and testing operations on the
BOR-60 reactor. The satisfactory operation of the Rhapsodie reactor made it possible to plan and apply a
number of measures and alterations by means of which in the near future, after replacement of the fuel
assemblies, the reactor power can be raised to 38-42 MW. Experience with the operation of the recharging
machinery of the Rhapsodie reactor indicated that it would be desirable to construct multipurpose machinery.
At present the functions of this machinery are divided among three much simpler and much more effective
devices (for removing spent assemblies, charging the reactor with fresh fuel, and recharging operations
related to experiments).

Experience with start-up and testing operations and with physical and technological investigations on
the BOR-60 reactor confirmed the acceptability of the engineering decisions made during the design stage
and the possibility of raising the yield to the nominal parameters.

6. Experience with the construction and installation of atomic power stations using the BN-350 and
Phoenix fast reactors. The construction of the Phoenix atomic power station is progressing at a rapid rate.
The construction work is about 80% finished. At the same time, the main equipment is being installed: all
three reactor vessels (the primary hull and two safety tanks) are in place, and drainage tanks for the sodium
of the first and second loops have been installed. Current plans call for filling the first loop with sodium
and beginning the start-up operations during the second half of 1972. As is known, in the case of the Soviet
BN-350 power reactor, it is expected that the bulk of the installation work will be completed in 1971 and
start-up operations will begin at the end of the year.

A great deal of work is being done in France to produce reliable steam generators for atomic power
stations using fast reactors. This is because steam generators are one of the main sources of trouble
leading to a reduction of the station's operational readiness. Specialists at Saclay are engaged in the con-
structive development of various types of steam generators. For example, steam generator models are
being tested on stands at Grand-Quevilly, Chatou, and Renardier, thermohydraulic processes are being
studied on experimental installations at Chatou, studies on small water and steam leaks into the sodium in
the intertube spaces of steam generators are being conducted, and methods for indicating these leaks are
being worked out at Cadarache and Chatou; work is being done at Cadarache to check the stability of the
heat-transfer bundles of the models and natural modules under conditions simulating serious breaks in the
loops, with water mixing with the sodium at rates of up to 17 kg/sec of water.

In the summer of 1970 a 50 MW gas-heated test stand for investigating steam generators was put into
operation at Renardier. The outlet temperature is 600°C (650°C is allowable for short periods). Two pumps
are installed in the first loop. The stand is equipped with two bypasses, one of which has an air-type heat
exchanger capable of removing up to 50 MW. It can be used for investigating steam generators under con-
ditions of rapid change in sodium temperature (up to 150° in 10 sec). The stand is loaded with 105 tons of
sodium. A cyclone separator with a capacity of about 20 m? is used for removing the products of the
sodium —water reaction. The water part of the stand is capable of accepting steam at 160 atm and 565°C
and simulating all the sections of the steam generator (heating, evaporation, superheating, intermediate
superheating). After several stages of steam throttling the heat is dissipated in a cooling tower.

When the Soviet delegation visited the test stand,v three modules of the Phoenix reactor steam genera-
tor had already been operating for 800 h at nominal parameters.
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At Cadarache 60 experiments were conducted with slow leaks of water into the sodium and two ex-
periments with steam entering the sodium. The water and steam parameters and the materials and geom -
etry were chosen to be close to these characteristics of the steam generators of the Phoenix reactor.
However, the final results and the processing of the data are not yet complete. The preliminary conclusions
are the following: a water leakage rate of 0.04 kg/min or less is not dangerous, the steam generator can
operate with such a leakage rate without significant corrosion for at least several hours. The results of
two experiments with leakage of steam at 500°C and 170 atm into sodium at a temperature of 500°C indi-
cated that the injection of steam at a rate of about 1 kg/min produces an opening in the target tube (situated
about 15 mm away) in 3 min, The sodium volume of the stand for investigating small leaks is 3 m3.

In addition to the already published results of studies of large water leaks into sodium on models, six
full-scale experiments have recently been conducted directly on the stationary module of a steam generator
of the Phoenix reactor. The module is situated next to the building used for studying water flow into so-
dium, in an open area without any protective enclosure, and is hooked up to the systems in the building by
appropriate connecting lines. In each experiment, water at an average rate of about 17 kg/sec was emitted
for 15-20 sec from a special fast-opening valve on the hull of the module; the stream of water was directed
at a heat-transfer tube. No bursting or significant damage to the steam generator tubes occurred in any of
the experiments; the reaction~product removal system operated satisfactorily.

On the basis of the Colloquium and the visit to the French research centers, the following general
conclusions may be drawn.

1. The main research work on atomic power being conducted by the French Atomic Energy Commis-
sion is concentrated on the solution of problems related to fast reactors; financial support is being allo-
cated accordingly.

2. The only type of fast reactor being considered in the development of the power-generation proto-
types is a reactor with a sodium coolant and integral arrangement of the equipment in the first loop.

3. The French Atomic Energy Commission is cooperating very closely with the EDF: fast reactors
are being developed according to programs worked out jointly by the two organizations. The EDF is inde-
pendently engaged in a broad program of design work and scientific research on the use of sodium and the
testing of technological equipment using sodium.

4. A great deal of attention is being devoted to the exchange of experience in the construction of fast |
reactors and to the popularization of this-branch of power engineering. One indication of this is the French
Atomic Energy Commission's plan to convene a meeting of representatives of leading countries to discuss i
problems of fast-reactor power station development; the meeting will be held at Aix-en-Provence prior to
the Fourth International Conference at Geneva. ' i

5. Previously announced plans for constructing and putting into operation a number of important in-
stallations relating to fast-reactor problems will be completed either on or before the published dates (the ‘
Rhapsodie, the Phoenix, and the 50 MW test stand), thanks to the careful orgamzatlon of work and the prompt
delivery of equlpment produced by French industry.
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THE USE OF NUCLEAR METHODS FOR MEASUREMENT
AND CONTROL OF ENVIRONMENTAL POLLUTION

L. V. Artemenkova

An International Atomic Energy Agency symposium on the use of nuclear methods for measurement
and control of environmental pollution was held in Salzburg on October 26-30, 1970; about 200 experts,
representing more than 30 countries and many international organizations (WHO, WMO, and others), par-
ticipated. Also attending were scientists from the Soviet Union and other socialist countries. Fifty-five
reports were read, touching on nearly all possible spheres of application of nuclear methods to the mea-
surement of environmental pollution: measurement of pollutant concentration in the atmosphere, identifi-
cation of pollutants in water, the movement of pollutants in water and soil, tracer methods in the study of
effluents, nuclear methods and ecosystems, and sludge and sewage processing.

The application of nuclear methods to the control of environmental pollution began about 15 years ago.
The perfection and automation of measuring devices made it possible for sanitary specialists to use these
devices widely.

Considered at the symposium were problems in the use of neutron activation analysis, tracers, radio-
isotope detectors, and other means (x-ray fluorescence methods, electron capture detectors, etc.) to con-
trol concentrations of harmful substances; and some aspects of the application of powerful sources of ioniz-
ing radiation to sewage processing and decontamination were also discussed.

Nearly half of the reports were related to the use of activation analysis, primarily neutron activation
analysis, for the measurement and control of harmful impurities in water, soil, and air.

The procedure for studying the composition of a sample of the environment by activation analysis
congists of the following stages: collecting the sample; preparation of specimens for irradiation; irra-
diating a specimen; measuring the induced activity by the method of comparison with a known specimen or
by y=spectrometry, Before the latter stage sometimes chemical separation and sample aging are used to
increase sensitivity.

Some possible uses for neutron activation analysis in the study of aerosol particles are shown in
Table 1.

Scintillation detectors, semiconducting Ge(Li)-detectors, and multichannel analyzers (4096 channels)
are used to record y-spectra. In some work there is a trend towards the use of computers for processing
data coming directly from the detector units or from multiple analyzers. In processing results, a library
of standard spectra is used, and use of background spectra from the specimen backings is also known, but
the backing (e.g., an aerosol filter) must be chosen with consideration of the tasks facing the investigators.
The 3use of activation analysis permits the measurement of ultra-small quantities of aerosols (up to 10™°
g/m3).

Several reports dealt with the use of neutron activation analysis to detect mercury in water, biological
specimens, soils, and plants. The danger from mercury entering water reservoirs in the form of wastes
from chemical and cellulose and paper manufacturing was noted.

It was noted that neutron activation analysis has good prospects for use in the study of trace elements
in petroleum products and in sea and ocean pollution, as well as for tracing the cycles of elements contained
in pesticides and herbicides.

Translated from Atomnaya f:nergiya, Vol. 31, No. 2, pp. 178~180, August, 1971.
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TABLE 1. Use of Neutron Activation Analysis in the Study of Aerosol Particles in the Air

Investigator Sample Flux, neu- Irradia- i - -
(publica-  [Purpose of study . uipment trons,/ em?/sec [Hon Analysis meth l_Elemfer?ts C.:oncentr/a .
tiondate) quip time od identified |tion, mg/m
Fraind _Concentration |Impactor and ~10-12 Various |Comparison Ni, Pb, Co,
of radioactive thod Mn, Cr, Cu
(1961)® particles in | filter on U=2 metho Fe, Zn, Co
the strato~ i : v
s pherea aircraft
Tarras Commercial 5-10-13 4days Ag, Ho, Sm
(1962) use of stable :
tracers and
neutron acti=-
vation anal-
sis
Parkinson Study of aero~ Pump, 1,8.101 3—100 |Analysis of de- | Al, Ba, Cl,
(1963) sol particles | Whatman fil- ’ min cay, activity,| I, Mg, Mn
: ter 41 photopeak
er curvest
Doke (1963)| Halogen geo- |Grid of silver ~ 1018 20min | Comparison Br, Cl, I
chemistry rods method¥
Gardon Study of aero- |Pump, ether- 8,6-1012 15min Comparison Br 8 ,%2
(1964) sols celluloid filter methodt Mo 9%
Winchester |Halogen geo- |Four=stage im- 1018 20min bomparison Br 0,015
(1965) physics pactor method T ?l (4) ; 802
Lininger © |Halogen and [Four-stage im= 1013 20 min | Comparison B;‘ g,%
: . c )
(1966) zinc geophys~| pactor method T I 001
ics .Pb 0,22
Li (1968) Study of aero- |pump Millipore 1,7.1013 9_3 |Comparison .25 §’§§§1‘£
sols AA . i days method Br 0:17
: Ca 3,4
Co 5,2x10-3
Cu 2,5x10°2
Fe 0,65
Hg 2,5x10-4
La 2,3x10-5
Na 0,65
Sb 4,9x 103
Se 6,8x10-8
Zn 0,33
Keri (1969) (Study of aero- |Pump, filter 1,2.1012 Smin | GASP system? Al 8,8
Br ,04
sols al 2.0
Mn 0,03
Na 0,8
v 0,015
Bro (1969) |Study of aero- |Celluloid mesh 2.1013 1min |Nelsen's sys- Al 2,0
- - Br 0,17
sols X~1215-2 temi cl 300
Mn 0,6
Na 0,4
v 0,06

* Completion date of study shown in parentheses.
T With chemical separation. '
Twithout chemical separation.

It was emphasized at the symposium that the use of tracers is of great value for obtaining information

on the behavior and fate of substances polluting the atmosphere, water, and soil.

A method based on the isotope ratio of $% and $3 is of interest. It is used to detect and trace the dis-
For studying the dispersion of flue gas

persion of sulfur dioxide in large cities and their surroundings.
emissions, Arl, Kr# and Xe!®3 are used as tracers.

For studying the dispersion of effluents and selecting locations for them, 835, Br®, and I!3, for ex-
ample, may be used as tracers, as well as non-radioactive indium and iridium compounds and gold chlorides,
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which can be activated later by neutrons. Methods of single and continuous injection of active isotopes into
an aquatic environment were examined, as well as methods and apparatus for measuring an active tracer
in water. The necessity of simultaneous measurement of current and wind velocity and determination of
the location coordinates of the radiation detectors at the time of the measuréements was noted.

Of special interest were the reports noting ways of processing some types of sewage by means of
powerful sources of ionizing radiation.
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SOVIET NUCLEAR POWER SPECIALISTS' TOUR OF
THE NETHERLANDS AND BELGIUM

L. V. Komissarov

In September, 1970, a group of Soviet specialists in the field of nuclear reactor physics and technology
visited the Netherlands and Belgium and became acquainted with scientific centers and universities conduct-
ing research in reactor physics, heat transfer, and hydrodynamics. The delegation also visited two opera-
tional atomic power plants and several factories and businesses involved in the planning, manufacture, and
testing of atomic power plant equipment.

In the Netherlands the Soviet specialists visited the Reactor Center of the Netherlands at Petten, the .
Technological University at Eindhoven, laboratories of the KEMA firm at Arnhem, the Technical High
School at Delft, the Netherlands' first atomic power plant at Dodenvard, and a high-pressure vessel factory
owned by the RDM firm (Rotterdam). In Belgium the delegation visited the nuclear division of the ACEC
firm at Charleroi, the French—Belgian SENA atomic power plant at Ardennes, the Center for Nuclear Re-
search at Mol, and the Belgianuclaire firm at Brussels.

The Soviet specialists became acquainted with work on the following problems: 1) thermohydrody-
namics design and experimentation; 2) atomic power plant safety design research; 3) reactor physics ex-
perimentation on critical assemblies and physical designs; and 4) equipment use and repair at operational
atomic power plants. .

1. Thermohydrodynamic reactor design at the ACEC and Belgianuclaire firms is based on the analy-
sis of the spatial distribution of mass flow rate, steam content, pressure, temperature, and enthalpy of the
coolant throughout the reactor by means of HAMBO or KOBPA programs and the like. To determine the
critical parameters (heat flux, steam content) of the design, an unfavorable combination of such factors as
reactor power, fuel consumption, temperature, and coolant velocity, as well as possible errors in the equa-
tions used, is assumed. But even in this case, there is no assurance that the safety margin determined will -
be sufficient, since the equations used do not completely account for the conditions of a real structure. In
this connection the method proposed by Hoppe (of Belgianuclaire) for determining the-safe operating condi-
tions for a reactor is of some interest. The method is based on a detailed statistical analysis of experi-
ments on ultimate loads and permits the probability of occurrence of a heat transfer crisis at any power
level in the active zone to be determined for concrete conditions.

A multitude of experimental studies is performed to test and correct thermal and hydrodynamic de-
signs. Much attention is given to the study of the hydrodynamics of single-phase and two-phase flows. At
the Technological University of Eindhoven, flow mixing between separate streams in a group of rods is
studied under natural and forced circulation. Two-phase flow and the distribution of phases in a group as
a function of pressure, flow rate, and underheating of the coolant at the intake is studied at a station with
up to 2 MW of power in a research section up to 4 m long at a pressure of up to 300 kg/cm2. In the labora-
tory there is a low-pressure loop (10 kg/ecm?) for studying flow mixing in channels.

The flow stability of boiling water in parallel channels under natural and forced circulation is simi-
larly studied. It has been found that mixing between neighboring streams in each phase occurs in an inde-
pendent manner: the mixing of the steam phase is subject to the Fick law, while the mixing of the liquid
phase is determined by the pressure differential between the streams (this differs in principle from the
representations of the well-known HAMBO program).

Translated from Atomnaya Energiya, Vol. 31, No. 2, pp. 180-182, August, 1971.
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At the ACEC firm's station, a study of the critical heat flow has been done at a pressure of 157 kg
/cm? in a flow rate range of 2.5 to 25 million kg/m?h, with input heat contents of more than 200 kcal /kg and
steam contents of up to 15% by weight. The experimental results are in agreement with the well ~known
Tong formula.

At RCN, a study is being done on heat exchange crises in rod groups 1 m long with 0 to 11°C of under-
heating and a steam content of up to 10%. Experiments are performed on an 850 kW station, alloWing ther-
mal loads up to 300 W/cm? to be created with coolant temperatures up to 350°C, pressures of up to 260 kg
/em?, and flow rates of up to 4 kg/sec. At this station, rods were tested under crisis conditions for 300 h
(the crisis was characterized by a surface temperature jump of about 100°C). '

Extremely interesting experimental studies of volume compensators have been done by a laboratory
at Delft University, which has the largest experimental base for these purposes in Western Europe and
America. Attempts are being made in the laboratory to achieve characteristics of the steam volume com-
pensators such as would permit a sharp change in the reactor load from 100 to 30% of the nominal power
for a volume of water in the volume compensator equal to 10% of the volume of the first circuit and a 1:1
ratio of the water and steam volumes in the volume compensator.

2. Atomic power plant safety design studies are being conducted by the ACEC firm. Two basic emer-
gencies are being considered for PWR-type reactors: rupturing of the primary coolant pipes and rupturing
of the steam pipes. The studies are applicable to operational reactors (BR = 3, SENA) as well as the atomic
power plants under construction at Douel and Tiange. '

Emergencies involving rupture of the primary circuit pipes are analyzed in the following manner. A
special computer program calculates the changes in coolant mass flow rate and pressure with respect to
time and reactor volume (1000 volume points). The results of the calculations are used to determine the
forces from the escaping steam jet acting on the internal structures of the reactor and on the external
equipment. The data on changes in the coolant flow rate, pressure, and steam content are used to calculate
the fuel element envelope temperature, allowing for reaction of the zirconium with water. Also calculated
for such an emergency is the strength of the reactor housing walls and safety envelope.

The second emergency — steam pipe rupture — is examined for the end of a run with no boron in the
coolant (the composition with the greatest temperature coefficient of reactivity); in addition, it is assumed
that one of the most effective regulatory devices is not inserted into the active zone. The program calcu-
lates the parameters which characterize the occurrence of a heat exchange crisis in a region where there
is no absorbent. Also examined are the mechanical forces occurring in the fuel assemblies when the fuel
elements are cooled by water from the steam generators.

3. The delegation became acquainted with work being done on the "Stek" (RCN), "Afina" (the Univer-
sity at Eindhoven), and "Venus" (Mol) critical assemblies.

The "Stek" critical assembly was built mainly for integral measurements of neutron capture cross
sections for fission products and materials used in fast reactors. The reactor oscillator method is used
for the measurements. The fast neutron zone is located in the center of the assembly and consists of
graphite blocks interbedded with layers of metallic uranium (90% U?*%. Various uranium —carbon atomic
ratios (1:21, 1:33, 1:45, 1:68, 1:92) may be realized to obtain various fast neutron spectra. A ring-
shaped zone of thermal neutrons serves as a neutron source for the fast zone. Interpretation of the ex-
periments with the oscillator substantially depend on the neutron spectrum, so the assembly has the equip-
ment necessary to measure the spectrum by various methods: by the activation of Na23, Mn%, cu®?, Mo%,
Lal®, w18, and Au'®"; by measuring the relative U23% and U238 fission rates in depleted and enriched foils;
by measuring the reaction rate by means of track detectors; and also by the boron filter method from re-
coil protons and their time of flight.

Fuel samples from HFR "DRAGON" reactors and samples of different isotopes will be used in the
experiments. The maximum activity of the samples is 10,000 Ci.

Comparison of the measured effects of the sample reactivities with the calculations will make it pos-
sible to pinpoint the microscopic cross sections of the fission products. To obtain more reliable data, it
is proposed to use the latest statistical methods to process the experimental results, together with a small
computer connected directly to the transducers in the critical assembly.
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"Athena® is a research reactor of the "Argonaut” type with a power of up to 10 kW; its active zone
consists of two rectangular uranium —water lattices, separated by an internal graphite reflector. There
are six horizontal channels, a water basin, and a graphite thermal column. It is proposed to conduct stud-
ies on the following topics: a) a detailed study of the physical parameters of the reactor for the purpose of

- developing rules for safe use in work using both active zones aswell as only one of them; b) perfection of
reactor control. Practical use of a multiple point dynamic model is planned for the reactor control sys-
tem, and also planned are obtaining control information from analysis of neutron noise, developing a control
system using information on the economics of the fuel cycle, optimal burning, etc., and also a study of the
safety aspects of the reactor when an electronic computer is used for control; c¢) a study of the Doppler
effect in fast neutron spectra with sample temperatures up to 1200°C; d) a study of shielding. The purpose
of the experiments is to develop a design model which may be used to predict the optimum weight, cost,
volume, etc., of the shielding. Work on the reuse of plutonium in thermal reactors at the Belgian reactor
center is of interest. A broad experimental program for the study of the physical characteristics of plu-
tonium-enriched fuel was planned. A large part of the program consists of critical experiments on the
"Venus" assembly, which was used earlier for experiments within the frame of the Anglo—Belgian "Vulcan"
project. In the experiments stainless steel-jacketed fuel rods 50 cm long are used with various amounts
of U and plutonium enrichment. The first step in the experiments consists of determining the critical
masses of the active zones of various configurations, depending on the lattice spacing and the type of fuel.
The effects of local irregularities in the lattice (water gaps, absorbers, etc.) are studied, and the distribu-
tion of energy production is also measured. The experimental results are used to develop design programs.
Experiments are planned with moderator water poisoned with boric acid, and in simulating the working tem-
perature by interspersing thin aluminum rods between the fuel elements.

4. Of great interest to the members of the delegation at Dodenvard was a system for taking measure-
ments inside an atomic power plant reactor.” To record the neutron flux in the active zone of the reactor
there are 18 channels containing miniature movable fission chambers 5 cm long and 3 mm in diameter. The
chamber readings are periodically transmitted to a computer center at Arnhem, where they are processed
and compared with the results of the calculated distribution of the energy production field during fuel burn-
ing. On this basis, the regulator rod position is corrected in order to limit the fuel temperature, which is
the determining parameter in this reaction. An experimental fuel assembly is being prepared at the atomic
power plant which will be fitted with transducers to measure flow rate, steam content, temperature, and
neutron flux.

At the SENA atomic power plant, an interesting report was presented on experience with repairing
reactor equipment after a serious emergency following destruction of the heat shield by vibration caused
by hydraulic instability in the coolant flow. During the repairs the shield was completely removed from"
the vessel, while the reactor pit was repaired by replacing its reinforcements.

During the excursion the delegation visited a factory of the RDM firm which produces high pressure
reactor vessels. A vessel is presently being constructed with an internal diameter of 4.8 m, a height of
20 m, and a weight of 400 tons. The shop is equipped to construct a vessel 10 m in diameter, 25 m tall,
and weighing up to 1200 tons. The firm has experience in transporting vessels by sea and by highway. A
film was shown on the transportation of a vessel 4.8 m in diameter weighing 350 tons on the mountain roads
of Spain.
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BRIEF COMMUNICATIONS

In February, 1971, an All-Union Science and Technology Seminar on "Nuclear Physical Methods and
Apparatus for Qualitative Analysis" was held at the Exhibition of Achievements of the National Economy of
the USSR.

The wide acceptance of nuclear physical methods of analysis in geological investigations, prospecting
for valuable minerals, and for composition control at nonferrous and ferrous metal refineries, and in the
chemical, petrochemical, and petroleum refining industries and other branches of the national economy,
was noted in the reports and papers. Representatives of the All=Union Scientific Research Institute of
Radiation Technology reported on revised methods and apparatus for express analysis of geological sam-
ples and technological specimens and on the successful use of commercial equipment for analysis of ele-
ment composition. Among these are measurement systems such as the K-1, K-2, NAR-1, NAR~2, and the
"Multiplier," which may find wide application in various branches of the national economy.

A large number of reports was concerned with methods and apparatus for x-ray analysis. It was
noted that x-ray methods and apparatus have found wide application for analysis of element composition of
rocks and ores and their refinement products, and in geological searches and prospecting for nonferrous
and ferrous metallurgy, the chemical industry, and other branches of industry. Industry has taken over the
production of needed analytical apparatus: Mineral-3, Ferrit, Mayak, Gagara, Spektr, and others.

* Kk

N In February, 1971, a seminar was held in Kiev on the topic "The Status and Prospects of Applications
of Radioisotope Technology by the Plants and Organizations of Kiev." Seminar participants became ac-
quainted with mass-produced instruments for control and automation of technological production processes
and with experiences in their application in industrial plants. They saw the operation of a UDAR-5 follow-
ing content gage and a PR-1024 radioisotope densimeter.

* kK ok

In February, 1971, a conference of specialists from member nations of Comecon was convened in
Dresden on the problems of producing short-lived isotopes, isolated from fission products, in those coun-
tries. The results of technical -economic studies on the production of generators for Technetium-99,
Iodine-132, Xenon-133, Strontium -89, Yttrium-91, Niobium-95, and others, were examined at the conference.
Also considered were possible production volumes to meet the requirements of Comecon member nations
for these isotopes, and the technical characteristics of isotope production.

* %k Ok

In January, 1971, a conference of specialists from Comecon member nations was convened in Warsaw
on the production of isotope products, in accordance with the working plan of the Comecon Standing Com-
mission on Peaceful Uses of Atomic Energy. Evaluated at the conference were the results of technical -
economic studies of the production of the following vital products in Comecon member nations: reactor iso-
topes (Phosphorus-32, Sulfur-35, Iodine-131, Gold-198); sealed radiation sources (@-, f-, y~, and Brems-
strahlung sources); and medical applicators. The requirements of Comecon member nations for this pro-
duction were considered for the 1971-1975 period as well as the production capabilities of the countries,
and quantitative parameters and technical characteristics: of the products. Proposals were prepared for
specialization of the production of these products.

At the same time, a coordinating conference of specialists from the Polish People's Republic and the
USSR was held in accordance with an agreement for a program of research on methods of measuring radio-
physical parameters of sealed 8- and y-radiation sources. The program provides for the Polish People's

Translated from Atomnaya Energiya, Vol. 31, No. 2, p. 182, August, 1971.
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Republic and the USSR to submit research materials to one another, acquaint each other's specialists with
the methods and equipment developed in each country, etc. The final result of this research will be the
development of recommendations for the standardization of measurement methods for Comecon member
nations. ’ ' '

* %k k

In December, 1970, a working conference of representatives of four nuclear data centers was con-
vened in Vienna -at the International Atomic Energy Agency. - The centers represented were: the National
Center for Neuiron Cross Sections (Brookhaven, USA); the Center for Compilation of Neutron Data (Saclay,
France); the International Atomic Energy Agency Nuclear Data Section (Vienna, Austria); and the Center
for Nuclear Data (Obninsk, USSR).

At the present time these four centers are collaborating in collecting information on neutron cross
sections (each center in its own geographical zone), codification of the data in one format (EKSFOR) inter-
changeable throughout the entire system, and regular exchange of information in the form of magnetic
computer tapes. The following problems were considered at this conference: 1) development of the collec~
tion and exchange of experimental data; technical problems of the exchange; additions to the EKSFOR sys-
tem; 2) publication and distribution of a bibliographical reference book for SINDA; 3) the problem of ex-
changing approximate data, including the problems of formats for approximate neutron data; 4) the agenda
of a future international conference in Vienna on approximation methods; 5) the collection and evaluation
of nuclear data for problems unrelated to the construction of fission reactors, in particular, data for prob-
lems of safeguards, for future thermonuclear reactors, and data on nuclear structure and nuclear reactions.

* k%

In accordance with an Agreement on Cooperation between the State Committee for the Use of Atomic
Energy of the USSR and the Atomic Energy Commission of Denmark, a delegation of Danish specialists on
atomic waste disposal problems was in the Soviet Union in February 1971.

Members of the delegation visited the Institute of Physical Chemistry of the Academy of Sciences of .
the USSR, the Zagorsk disposal station, the Moscow decontamination station, the Atomic Energy Pavilion
at the Exhibition of Achievements of the National Economy of the USSR, and the Scientific Research Insti-
tute for Atomic Reactors. After completion of the visit, the delegation was received by the State Committee
for the Use of Atomic Energy.
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 GROWING CRYSTALS
FROM SOLUTION .~~~

By T. G. Petrov, E. B. Trewus, : .
and A. P. Kasatkin - / 4 . , PO

Scientific Research Institute for the Earth's Crust . ' \ oo ‘
and Crystallography Section . .
Leningrad Umverslty, USSR T

Translated from Russian by Albin Tybulewicz ~
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Thus highly practical and detailed handbook growth, the authors describe the technical
describes all the major methods of growing equipment of a crystallization laboratory, op-
crystals from solutions with temperatures up erational procedures, measures for avoiding
to 100°C at atmospheric pressure. Follow- v anomalies in growing crystals, and selection
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Thermostats * Devices for producing relative ‘motion
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| erECTSOF -
| ELECTROMAGNETIC FIELDS
~ | ON'LIVING ORGANISMS

By A.S.Presman

Department of Bnophys:é:s <
Moscow University N J

Translated from Russian :

| \

Provides the first complete review of both
experimental and theoretical data concern-
ing the effects of electromagnetic fields of
different frequencies on various organisms,
! ) ranging from protozoa to man. Comprehen-

effects of such fields ‘at the molecular, cellu-
lar, organic and organismic levels of organ-

| formulating and substantiating the influence
| of electromagnetic fields of infralow,. low,
' and radio frequencies on life. This innovative

and lucid work will be valuable to medical,
B agricultural and biological research as well
| as to the solution of sdme problems of
bionics. An extensive b|bhography is in-
- cluded.

\

CONTENTS: Physical Principles and Experimental

sive in its treatment, the volume surveys the
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